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PUBLISHERS' ADVERTISEMENT. 



The present Tolume bas just been issued in London as one of a 
series of Treatises publislied under the general title of " it' a Circle 
of the Sciencee/' The editor of the series, and author of this 
Tolume, is Dr. Bushhan, whose name, in connection wifh those of 
Owi&K, Anstkb, Latham, and other contrihutors to the enterprise, 
carries with it the guarantee that however simple the work may be 
in form and popular m style, jet that its facts are strictly in ao» 
cordance with the latest seientific investigations^ and that nothing 
has been omitted which should find place in a manual destined 
for the general reader or the academical student. 

The views which have actuated the author may he found in tlie 
following extracts from the English Preface : 

'* In the Introductory Treatise to this Volume, an attempt has 
been made to expound, in brief and lucid terms, the general nature, 
relations, and applications of all the chief departmenls of Human 
Knowledge, in order to give the Reader, not epeeially trained in 
Science, a general view of the vast field of inquiry which the Crea- 
tor has kid open to the lawful exercise of the human intellect. 
Thus the Student has been led, ia the first instance, and it is hoped 
by no rugged or precipitous ascent, to tbe summit of an eminence 
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iv publishers' advbrtisbmbnt. 

whence he may take a survey of the various departments of know- 
ledge, and of the principles which ought to guide him in the pur- 
suit and application of the several Sciences. 

" In the Treatise on the Physiology of Animal and Vegetable Life, 
the duties or functions of the organs in the living bodies of plants 
and animals are defined and classified; and the results of a complete 
analysis of the constituents of these organs are given, after they 
have been reduced by the anatomist to their component textures, 
and by the chemist to their proximate and ultimate elements. The 
principal modifications of the functions are traced through the dif- 
ferent classes of animals, and the leading phenomena of the deve- 
lopment of the germ and embryo, in both the divisions of the or- 
ganic world, are described. The endeavour of the Author has been 
to compress into the compass assigned to each essay an outline of 
the chief characteristics of life in the two great departments of 
Organic Nature, a statement of the relations of Plants and Animals 
to each other, and an account of their common dependence on the 
mineral or inorganic world.'' 
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ON TBK 

KATURE, CONNEXIONS, AND USES 

OF THE GREAT 

DEPARTJMENTS OF HUMAN KNOWLEDGE. 



BfiroRE man became a pliilosopher he was a discoverer ; and in 

is capacity for discovery, and for reasoning on its resulta, he differs 

^■widely from all other beings. In the organic world there is no 

hiatorj but the history of loan. Tlio doings of one pair, or of one 

lony of inferior animals^ however Ba|Tatiou3j are the doings of 
generation after generation. Birda build their nesta in our gardens 
and sbrabberies as they built their nests in Eden j the bees in our 
hives construct their honeycomh, as the bees of Samson's time did 
that which he took from the lion^s carcase ; and the beavers of 
Canada rear their dams^ and huts^ and burrows at this day as they 
have done ever since their speeies was created* How different ia 
the account of man's proceedings from the time of his first appearance 
upon the earth I What variety in his modes of clothing himself ^ — 
of building habitations — of defending himaelf from beasts of prey — 
of transporting himself from place to place — of subjecting to his 
[power the animate and the inanimate Creation I 

In the fii'st advances made by primitive maUj his capacity for the 
attmnment of knowledge shines forth almost as vividly as in the 
discoveries made during his most advuneed state of civilization. To 
draw a distinction between the facnltiea of man and the faculties 
of the highest among the animal creation has always been a task of 
much difficulty ; and yet how frivolous appear the attempts to trace 
li proximity between endowments but outwardly siraihir, the moment 
the actual fruits of man's fjieulties are contrasted with the nothing- 
ness of effect produced hy any other spedes on the surface of the 
earth I It can hardly indeed be eaid with truth that man's mere 

2 (13; 




14 THE PROMINENT .GROUPS OF HUMAN KNOWLEDGE. 

senses are more perfect than those of the animals which stand near 
him in the scale of being ', but it is an obvious truth that he has a 
capacity to originate ideas which mould the observations of sense on 
a higher and more perfect type. 

In man's early progress, the rudiments of almost every branch of 
knowledge may readily be traced. His intellectual pre-eminence in 
the animal kingdom may be reduced to a few prominent heads — 
namely, to his great capacity, in the first place, for appreciating the 
abstract relations of number and quantity; secondly, to his exact 
perception of the resemblances and the differences of objects of sense ; 
thirdly, to his inherent disposition to form objects and appearances, 
which agree even in one quality or mode of presenting themselves, 
into groups — which are afterwards to be recognised as possessed of 
a unity of character; fourthly, to his complete feeling of the distinct- 
ness of his bodily self from the rest of nature ; to his instant percep- 
tion of its slightest change of position or attitude ; and, to his almost 
unlimited voluntary power over its movements, so that it becomes 
an exact measure of the numerous relative properties of surrounding 
bodies ; and, lastly, to his capacity for looking inwards upon himself, 
and taking note of the special eflPects produced on his internal nature 
by persons, and things, and circumstances. With these several heads 
the great departments of human knowledge, as we shall discover, 
intimately connect themselves. 

Science. — The systems of knowledge founded on intuitive con- 
victions of the human mind, to which the name of science is cur- 
rently given, are, in particular, the Abstract or Mathematical Sciences. 
Those collected from the perceptions of sense, with or without the 
aid of instruments and of the abstract sciences, and methodised by 
man's faculty of grouping individual appearances into compound 
unities, are the Inductive Sciences, under which falls the chief part 
of physical knowledge — namely, several branches of Natural Phi- 
losophy, the whole of the Electrical Sciences, Chemistry, and some 
parts of Physiology. Those founded in the same manner upon the 
organic kingdoms of nature, with the aid of certain fundamental 
intuitive convictions of the human mind, constitute the Physiological 
sciences. Those directly deduced from man's contemplation of the 
subjects of his consciousness, and the report of others as to the 
results of their reflections on what consciousness has taught them, 
make up the Psychological sciences, Metaphysics, Ethics, &c. Those 
drawn from the contemplation of man in his social state, as bearing 
on the welfare of the community, are represented chiefly by Statistics 
and Political Economy. Those which rest on moral evidence, in its 
three degrees of possibility, probability, and moral certainty, rather 
than on the evidence of sense, are Government, Law, Medicine, 
Taste, Criticism, &c. Those which are formed by comparing the 
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BubistEiiieea cottiposing the exterior of our pknetj and the individuala. 
of the animal and vegetable kiogdoms, and by marking their reseni^ 
bUnces and differenceii, constitute the Katural Hbtory of the tbveo 
Kingdomss of Nature. And lastly, the fijstems of knowledge derivedi 
fram tbe observation of the minute structure of minerals, plants, iindl 
animals, and the grouping of certain frequently recurring resemblau^l 
ees into sepurate unities^ each denoted by a single expression, con- 
stituto what have been termed the Descriptive Sciences, such as 
^ootonij, or Anatomy commonly so called j Phytotomy or Vegetable 
Anatomy, and Crystallography. 

Sucb, then, ia an enumeration of the great branches of human 
knowledge, of which it is our intention in the present undertaking 
to treat. But, at present, let ua examine more narrowly the resem- 
blances and diferenoes of the evidence on which these Mvcral 
branches of Ijciowledge depend, and endeavour to ascertain their cou- 
Bections and the precise uses to which each ia subservient. 

We will premise, boweverj that althongli the name of science h 
ruurrently appUed to the more profound parts of man's HtudieSj the 
erm has no definite signification. In particular, it is employed 
jindUcriminately to denote those systems of knowledge which are 
jSeduecd from the inherent or intuitive eouvictions of the human 
nind, as well as those systems of knowledge which are built upon 
hhe perceptions of sense, variously grouped into a whole, because of 
the agreement of the members of each group in one mode of presents 
fing themselves. But vugue as is the term scieacBj it is too firmly 
I rooted to be rejected. 

Qeometry* — When any part of Matbematics, for example, Geo- 
metry, is compared with same one of the Inductive Sciences, such 
[jls ChemistT}', it is discovered how loo;?e]y the term science must be 
Bsed to apply equally to both. For this purpose, we select for con- 
rjrsst the propcities of the alkalies, on the one hand, and on the 
[bther the nnuiirkable property of the right-angled triangle, that the 
[fi(piare of its hyprtcause is equivalent to the sum of the squares of 
the two sides. The alkalies — that is, the pure caustic alkalies -'- 
are freely soluble in water and in alcohol ^ each saturates itj^ own 
prnportiim of every known acid ; and were a new acid discovered, it 
vould only be necessary to ascertain how^ ranch, of it is required to 
l^tnrate ii given quantity of one of the alkalies, to pronounce how much 
l^f each of the others that same quantity would saturate ; the alkalies, 
l%esidesj form snaps with oili*; they change vegetable blue colours to 
JVeen, and yellows to brown* By means of these properties, the 
i^bemist is able to dt^tect the presence of any pure alkali in bis 
^analysis; and s^uuh ia one of the great objueta which the jscienee of 
^heiniHtry bus in view. But the point which wo wish cblefiy to be 
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borne in mind is, that from the whole history of Chemistry no reason 
can be elicited why an alkali should be soluble in water rather than 
insoluble, or soluble in alcohol rather than insoluble ; why it should 
combine with oils or acids rather than resist combination with them ; 
why it should change vegetable blues to green, and yellows to brown, 
rather than to any other colour. In the conception of properties, as 
belonging to the alkalies, opposed to all those just enumerated, there 
is nothing contradictory. In short, there is no reason why any pecu- 
liar property of an alkali, so far as the human faculties can compre- 
hend^ should not, in the arrangement of nature, have been the oppo- 
site of what it actually is. And the same may be said of all those 
laws and properties in nature which are discovered solely by observation. 
On the contrary, when the several steps are considered by which 
an equality is proved between the square of the hypotenuse in a 
right-angled triangle, and the sum of the squares on its two sides, 
there is not discoverable, in the whole course of the demonstration, 
any single truth, the opposite of which does not involve a contradic- 
tion, so that, independently of any observation, the human mind is, 
by its very nature and constitution, compelled to extend to them an 
absolute and unconditional belief. 

The square described on the hypotenuse being cut by a straight 
line in such manner as divides it into 
two distinct parallelograms, it is at 
once shown by the undeniable propo- 
sition, that if two equals have each an 
equal quantity added to them, the. 
sums are equal ; and then by the un- 
deniable proposition that the doubles 
of equals are equal to one another — 
that each of the two divisions of the 
square on the hypotenuse is equal to 
one of the squares on the two sides of 
the triangle. 

The proof of the theorem just re- 
ferred to, may readily be understood 
even by one unversed in the elements of geometry. With the 
meaning of parallel lines every one is familiar. Here are three 
pairs of parallel lines ; one pair running from side to side, and 

two pairs between them, forming two 
parallelograms of rectilinear figures, 
the opposite sides of which are par- 
allel. These two parallelograms stand 
upon the same base, and lie between 
the same parallels ; and when this is 
the case parallelograms are equal — that is, the area of the more 
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npriglit of these two figures is equal to tbe area of tbe mDro slanting 

Igarc. And tbe trutU of tbia will appear at once, bj catisiiieriog 

aow tbe wbole tigufe, cotnpoa^sd of tbe two parallelagrams taken 

Jtogutbcr, is made up. If from this whale figure tbe more- upright 

l^f tbe two parallelograms he taken, a triangle remains; and if from 

the whole figure the moro oblique parallelogram be takeUj another 

[triangle remains. But these two triangles are equal, their eorre- 

kBponding sides and angles being equal; heoce the parallelogram 

I whieh remains, after one of these triangles is taken away, must be 

;|ual to the parallelogram which remaios after the other triangle is 

llaken away. Such, then, is the proof of tbe propositi on , that par- 

I ft] lei og rams between the same parallelSj aod standing on the same or 

I *n equal base, are of tbe same area; and as every parjUelogram is 

[divisible into two equal triangles by its diagonal, it follows that 

fli'iatigles standing on the same bose^ aod betweeu the same parallels^ 

f ftre of the same area. 

Let us now ret uru to tbe figure on tbe preceding page, represents 
iug the square B on tbe three sides of a right-angled triangle. In 
J4bis figure there is a triangle standing on the same base, and between 
I'tho same parallels as the square on the left-hand side of the triangle, 
I and there is a triangle stiinding on tbe same base, and between the 
,iame parallels as tbe larger of the two parall epigrams into wbieb 
J ilie square of tbe hypotenuse is divided ; but these two triangles are 

I Equal, owing to tbe equality of two aideSj aud the contained angle ; 
.lieuce tbe square, which is equal to twiec the area of one of these 
equal tri angles, is equal to the parallel ogram, which is equal to twice 

[the area of the other triangle. And by the ^ame mode of rcasoaing, 
|.the square on the right-hand side of the tri angle is proved to be 
etjual to the Jesser of tbe two parallelograms into which the square 
,'Ot' the hypotenuse baa been divided* 

But iu the wbiilc nmge of Geometry tbe proposition holds good, 
1 -that every stage of the proof is a truth, the opposite of which in- 
volves a contradict ion ; and therefore, that it ia itself a necessary 
I fivtiele of belief. In short, it is incontrovertible that mathemntical 
^trutlis are necessary truths. Geotneirieians nse various ways of eon- 
LTincing us of this: where two figures are ncoeiisarily equal, as a 
Leon sequence of certaia parts in one being known to be equal to 

I I correspond iug parts in the other, tbe method of superposiuoo ia 
I frequently employed j that i^, we ure required to fanej one figure 
I Jibced upon tbe other, and then, mentally, to bring about their 
I perfect adaptation ; the parts, previously known to be the same in 
I both, beiog properly adjusted, tbe other part.% by this method, are 
l^howu to be necessjyily coincident. There is, huwt'Ver, nothing of a 

^mechanical or experlmi^ntal ehiiraeter in thi.^ process- the figurts aro 
not bodily transported from one pluee to another; the whole is a 
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purely mental operation ; and it is the mind, not the eye, that sees 
the complete adaptation of the two. 

Some superficial thinkers cavil at the peculiar character assigned 
to raathomatical science, by reference to the very proposition above 
adduced; saying that the fact as to the equality of the squares, 
was discovered by observation, and the demonstration afterwards 
invented; as is proved, they further say, by the tradition, that 
Pythagoras sacrificed a hecatomb in gratitude to the gods, for 
having inspired him with its discovery. Thence, it -may be sup- 
posed, they would infer, that all mathematical knowledge is 
founded on observation, and not on intuitive convictions of the 
human mind. 

It is evident, however, that many truths, susceptible of a mathe* 
matical demonstration, like that respecting the squares on the sides 
of a right-angled triangle, are discoverable by observation; and 
doubtless, in the early progress of geometry, this method was much 
employed to discover the course to be adopted for the extension of 
this branch of knowledge. But had geometry, or any other part of 
mathematics, been confined to this method of investigation, would it 
ever have attained the rank of being the handmaid of inductive 
science — the very means by which observation has been made capa- 
ble of deciphering the system of the universe ? 

The distinction between mathematical truth and inductive science, 
so clearly pointed out by the contrast between the properties of the 
alkalies, and the remarkable properties of the right-angled triangle 
above referred to, is irrefutable. 

Magnitude. — We have not hitherto referred to the great object 
which mathematical science has in view, namely, to supply a mea- 
sure by which all magnitudes may be rendered commensurable. A 
few words will give the steps by which this is accomplished in a suf- 
ficiently clear light. 

By the propositions readily reducible to the truth, before referred 
to, that two triangles are equal, if their corresponding angles and 
corresponding sid«s be equal, any two rectilineal figures, however % 
dissimilar, may be proved to be equal if they really be equal, or un- 
equal if they be unequal. And this may be described as the first 
great step in Mathematical Science ; because, by means of the equi- 
valence of triangles, all rectilineal figures are rendered commensu- 
rable. 

The next step in Mathematics is to find the measure of figures 
bounded by curved lines. For example, to find the area of a circle 
in rectilineal measure. 

The attempt? to find the area of a circle in rectilineal measure 
gave rise to the proof by the method of ^* exhaustions," as it is 
termed. 
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Tbe area of a circle is a quaotity intermediate between tlie area 

of a polygon circuniijtrlbing the circle, ^ g 

and that of a similar polygon inscribed 

witbiu the circle. If the immber of 
eidt'S in eacU of thcae polygons be 

iucccjjsively io creased j the area of the 

[interior polygon is continually aug- 
mentedj wbila the area of tbe e^eterior 
polygon is continually dituinished, — 

fplainlyj bowever, on this condition, 
that though the orea of each conti- 
nuiillj approaches nearer and nearer 
to the area of tbe circle, that of the 
exterior polygon ciiu never fall aliort of the area of the circle, nor 
that of tbe interior poljgou exceed the area of tbe eircle. Tbu!i, aa 
tbe sides of these polygons may be increased without any limit, tbe 
difference between tbe aiea of the exterior polygon and the area of 
the interior polygon is continually beeotniug leaa and kss, or con- 
tinually approaching, without reaching, to nothing; and ihougb the 
rectilineid polygon cannot be made an exact measure of the cur\i- 
lineal circle, yet it can be made to approach to its measure with 
any rccjuircd degree of nearness. It may he le marked here, also^ 
that this openttion eoables the unlearned reader to understand what 
ia meant when it is said that unity divided infinitely = 0. 
, It was another step in Mathematics when the area of curvilineal 
figures came to be expressed esactly by the areas of rectilineal 
figures. What are called the ^Munes*' of Hippocrates, known to 
the aneicnts, afforded one of tbe earliest examples of this coincidence. 
To exhibit this property, a right-angled triangle is inscribed in a 
Bemieircle, and a semioircle described on its base and its perpcodieu* 
kr. Tbe portions of tbe two last Bemicirolea which lie without the 
original semicircle, are found to be efjual to the area of the triangle. 
The following is the kind of proof on which this proposition rests. 
It is found that if seniicircles are de- ^^^ ^ 

scribed on the three sides of a ri^jbt- 
anglcd triangle, the area of that de- 
scribed on the hypotenuse is equal to 
the joint areas of the semicircle on 
the base and that on the perpeiidieu- 
lar. But the greater semicircle ia the 
annexed figure consists of the rigbt- 
migled triangle and the two arches of 
that semi circle cut off hy tbe sides of the triangle, and the joint 
ureas of the two lesser semicirclca consist of the two lunar spaces cut 
olf by the greater £i.micircie and the two arches of that great semi- 
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circle just mentioned ; hence, if from each of these two equal quan- 
tities, the commou quantity in both, namely, the arches of the great 
semicircle cut ofif by the sides of the triangle, be taken away^ there 
remains on the one hand the triangle, and on the other the lunar 
spaces of the lesser semicircles, taken together, equal to each other. 
The propositions, on which the proof of this correspondence in 
equality depend, are easily understood. 

The circumference of a circle is proportional to its diameter — a 
proposition which may easily be shown to be a necessary consequence 
of the geometrical definition of proportion. It is not, however,- so 
obvious that the area of one circle is to the area of another circle, as 
the square of the diameter of the first circle to the . square of the 

diameter of the second circle. 
*^'°* ^' It is, however, a very im- 

portant proposition, for, if a 
person supposed that the 
areas of circles are simply 
proportionate to their diame- 
ters, he might commit many 
serious errors. For ex- 
ample, if he wished a tube, as a gas-tube, twice the capacity of an- 
other tube, and desired it to be made of equal length, but twice the 
diameter, it would turn out to have four times the capacity ; for the 
square of a line eight inches long consists of sixty-four square inches, 
while that of a line four inches long consists of only sixteen square 
inches. 

That the areas of circles are not to one another as their diameters, 
is a truth of which the learner may easily sat- 
^^^' ^* isfy himself without any knowledge of Geo- 

metry; thus: let a circle be described with 
any diameter, and within it let two circles be 
described, with the diameter of each only 
half that of the outer circle ; then if a circle, 
with double the diameter of another, were no 
more than double that of the other in area or 
surface^ it is plain that the two inner circles 
would just fill up the outer, which is at once 
seen to be impossible. It is, however, worthy 
of remark, that the circumference of the outer circle would be exactly 
equal to the two circumferences of the inner circles, which is only 
one among the many interesting and unexpected truths that Geo- 
metry presents. 

But the great progress made in this part of Mathematics has 
arisen from the investigation of the areas produced by the higher 
order of curves, as of the conic sections, exemplified in the ancient 
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discovery that a parabola is equal to two thirds of its circumscribing 
parallelogrim. 

But it would be supeiilumis to carry these illustrations furtherij 
since it already sufficiently uppeara what is tbe proper object of f 
MathemadcSp und that the eyi deuce employed in ihie Science uni--J 
formly consbts of propositions, the reverse of which , according to] 
the constitutjon of the human mindj involves a coutradictjon* 

dumber — Our observations have been confined Litherto to what 

relates to magnitude^ but the doctrine of -number is in no respect 

difiercnt. Thjit 2 uud "2 luake 4, and that 2 taken from 4 leave 2y 

are unquestionably intuitive truths ^ — they must be believed ^ they 

are necessary truths, because the opposite propositions involve a cou^ 

tradietion. But the truth that 10 times 10 make 100, rests on the 

same kind of evidence. One repeated a hundred times makes 100. 

Observation is not required to prove 10 times 10 to be 100; it is 

merely required to diBcover if what is called 100 be 100. If^ in the 

r primitive state of our race, one man, on giving anoLher figs or dates^ 

I held up the fingers of both hands ten liraesj he who received them 

vould count them J not to as?ccrtain if 10 times 10 were 100, hut to 

" £Cover if he who gjive the fruit had spoken truly as to the nunibet 

Mathematical Eyideiice, — All Arithmetic, then, rests on the 
TlBatne evidence — all ita trutba are necessary ; and the same may be 
[said of Algcbrjy LogarithmSj and the Differential Calculus, Alge- 
ibra may be described as Arithmetic carried on by symbols j so that 
^the kind of operation is coostantly indicated, hut not actually per- 
formed till the relation between the given quantities and the quantity 
l^ought, be reduced to its simplest possible form, liOgarithms depend 
on what seems a siogular pTopOTly of numbers | yet that property is 
as certainly dedutiblc from necessary truths as any truth in Ma the- 
' matics- If two series of numbers stand respectively in Geometrical 
and Arithmetical ratio, it is found that the product of any two num- 
bers in the Geometrical series may be found by adding the corres- 
l^ponding numbers in the Arithmetical series, and then taking the 
* number in the Geometrical series which stands opposite ; and this is 
rthe product sought. 

Logaritkma*— The most difficult and complicated arithmetical 
[operations may bo performed with ease and expedition by means of 
Xogorithmic tables; and thug mul ti plication is reduced to add! tioui 
division to subtractiou, evolution to multiplication, and tho trouble- 
ome process of involution, or the extraction of roots^ to simple 
Ri vision* Astronomy owes much of its prc-cmineneej as an exact 
ce, to the difcovery of LogtirithmSi as, without their aid, it 
.Vould have been ulmos^t impos£=iblc to have made the calculations 
Tliecefsary to coulirm i Is laws- The ostrunomer reduces his ulgebrai- 
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cal formulae to a. form adapted for logarithraic com potation j and bis 
as^iFhjnls^ by the simplest roles of arilhoietic, are thiia enabled to 
compile the Nuuticiil Almanac^ without which the commerce of our 
great nsitiou woold be nearly destroyed — the Nautical Almanac oud 
a table of logarithms being as esseutml to the inarm er as his chart 
aod compaBB. 

Proportiou* — To exhibit a tithe of the uses to which the sciences 
of quantity and number can be applied, would fill a volume. Still 
the onl)^ practical use of these important seieneea, is the measurement 
of quantities before unknown. The great iostruraent iu all the de^ 
partineuts of abstract science ia proportion ; thoroughly to under- 
stand which is to possess an instrument of knowledge applicable to 
almost every situation in life. When Thale^ of Miletus tjavelled 
into Egyptj 600 years before Cbristjand saw the Great Pyramid^ he 

Fm. 7, 




was curious to ^determine its hei^rht, which hitherto it bad been 
deemed impossible to ascertain. Observing the shadow of the pyra- 
mid us the sun shone upon it^ stretching tar in the opposite direction, 
he struck bis staff upright in tho sand ^ and finding the shadow 
which it cast to be exactly its own length) he rightly^ concluded that 
the shadowj meafiured from the middle of the base of the pyramid, 
must equal in length the height of tho pyramid. He paced the 
shadow^ and found its length to be 270 paces, or about 500 English 
feet. Phnvj who relates this anecdote (lib. xxxvi. 17), expressly 
says that Thales measured the shorter sbadow Eit the time when it 
was of the snme length as the staff. 

But although equEihty in length of the shadow and the body may 
be allowed to be necessary, for the discovery of this mode of meusu- 
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ration » it would quickly appear without any necessity for esperiment| 
tliat whatever relation tlie shadow bore to the ataff^ the s^a^mQ rclatioa 
of Uiiignitade would the shadow bear to the height of the pyramid. 
The threes thitiga requisite are, the measure of the shadow of tba 
BtaffT the measure of the shadow of the pyramid, and the measure^ 
of the staff itself. But, to golve this more complex problenij the 
knowltdge of pi:o portion is necessary : namely, that when of four 
ijumhera the first two bear the same analogy to each other as the last 
two to eaoh other, the lirst of the four, raultiplied by the bat of the . 
four, ift equal to the second luulti plied by the third ; or, aa it ia 
usually expressed, the product of the extremes is equal to the pro- , 
duet of the uitians : — or 4 ; 16 : ; 20 ; 80 — that is, 4 is to 16, as 20 , 
to BDj but the product of the extreuiea, -l and 80, m 320 ^ aud the j 
product of the means, or middle nambers, 16 and 20, is also 320, 
But when three numbers are known, and a fourth is sought in the , 
same rektloa to the third which the secood holds to the first, it ia ^ 
pliiin that the product of the means can be obtained, and that that ^ 
product beiug also the product of the extremes when both these coma 
to be known J and being divided by the first extreme, the second , 
extreme will be obtained : that iSj if in the above formula 16 and 20 
be multiplied together, and the product divided by 4, the fourth 
number, the secoud of the two exfremes, or 80, will bo obtained. 

And tbts rule of proportion prcvailg throughout the whole range 
of the sciences of magnitude and numberp In every kind of nieii- 
surement proportion playa its part, with the exception of that which 
is of the rudest kind. In the measurement of the height of the 

Fio, a 



Greut Pyramid by Thalea, the idea of proportion is involyed, aUj 
tboQgh hardly brought out into relief. We will cite another exanapla] 
of the nieasuremcut of a height without distinct reference to propor-,| 
tion. The height of a tower or pillur— no matter how high— whJol|j| 
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stands od a level plain, and the foot of which is accessible, can be 
measured as soon as men have discovered that in a right-angled tri- 
angle, the sides of which are equal, each of the other two angles is 
equal to half a right angle, and the perpendicular equal to half the 
hypotenuse. If the perpendicular line in a right-angled triangle re- 
present a tower, it is evident that its height is equal to half the hy- 
potenuse, or side opposite to the right angle at A. Thus, if a person 
setting out from the foot of the tower pace the distance to the point 
at which the top of the tower is seen at an elevation of 45°, or half 
a right angle, the number of paces he has taken indicates the height 
of the tower. 

Trigonometry. — The usual mode of determining heights is by 
the rules of Trigonometry, without any necessity for the angle of 
elevation being of a particular number of degrees. 

When a tower is accessible, the angle B C A is measured, and the 

base of the triangle C B ; the 
Fio. 9. angle at B is known, being a 

right angle, and the angle at 
A is found by subtracting the 
angle at C from 90° or a right 
angle ; because since the three 
angles of every triangle are to- 
gether equal to two right an- 
gles, the angles at and A are 
together equal to one right 
angle. 

When the foot of the tower 
is inaccessible, the angle G F B 
is measured, then the space 
FD and the angle FD E ; the 
angle E F D is found by sub- 
tracting GFE from two right 
angles, since every straight line 
falling on another straight line 
forms with it two angles, to- 
gether equal to two right an- 
gles. But when the angles D 
and F in the triangle EDF 
are known, the angle at E is 
easily found by subtracting the 
sum of the angles D and F from two right angles. But as a general 
rule in Trigonometry, when out of the three sides and three angles 
of a triangle, any three, except the three angles, being given, the 
remaining three can be determined. Hence the length of the line 
A B in the triangle A C B, or the height of the tower, can be so dis- 
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covered; and m the tri angle FDE tlie length of EP cdFbe disco- 
vered, as prditiiintiry to the same steps. 

Motion. — The laws of motionj which make up so important n 
|Kirt of Natural PhiloBophjj stand at once on a different footiog from 
inafchematical truth, aod from the principle of gravitation. It ia 
common to enumerate thrco laws of motion. The first i&, that a 
body under the action of no external force will remain iit rest, op 
mote uniformly in a straight line. The second j that when a force 
acts upon a body in motion , the change of motion in magnitude and 
direction is the same as if the force acted upon the hody at resL 
The third law of motion ie, that when pressure communicates motion 
to a body, the momentum gen*irattrd in a given short time is proper^ 
tional to the pressure^ or, as given by New ton in a more general 
form, action and reaction are e<|ual and opposite, 

lu order to form a correct notion of these laws, we must havo 
definite ideas of hulk, forcej velocity, motion, and pressure, as well 
as the modes of measuring thenu Newton defines the mass of & 
body to be the product of its density and its volume ; and he deter* ^ 
mines the masu by its weight, because he found, by most accurate 
experiments with pendulums, that the mass is proportional to the 
weight. We pee that all bodies placed above the earth's surface 
have a tendency to fall, and exert a force upon whatever support 
prevents them from falling; this force we term pressure, and the 
measure of this pressure is weight — bodies being said: to be of equal 
weight, if they produce equal pressure on their support ; consequently 
weight IB a measure of the eiirth's attraction for heavy bodies } but, 
in assuming weight to be a nieasiure of mass, or the quantity of 
matter contained in a body of given volume, we clearly assume that 
the earth's attraction is the snme for all kinds of matter; and that a 
cubic inch of gold weighs more than a cubic inch of copper, because 
the former contains more particles of matter than the latter, and not 
because the earth has a more powerful attraction for gold than copper 
— an assumption abundantly confirmed by experiment* Henco 
weight becomes a meitsure of pressure, and consequently of force 
producing pressure. We can also estimate force, in another way, ' 
without reference to mass, pressure, or weight. According to the 
first law of motion, a body can only move by the action of some ex* ' 
tcrnal force ; now, the space through which it passes in a given time ] 
will afford us a measure of its velocity, which is only a term for the j 
quickness or slowness of its motion ; and the velocity acquired in 
any given time will afford us a measure of the forc^ which produces 
the motion of the body* Neglecting the resistance of the air, it is ^ 
found that all heavy bodies, how different soever in weight, faU , 
through the same space, and acquire the same velocity at tlie end J 
of any given interval of time. It is clear, therefor 0, that the mcasuie 
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of a for(ft, by the velocity it generateg in a given time, in bo way 
involves aoj conaideratioti of the mass, and must therefore differ from 
our previous measure of force. 

Force J measured by the velocity generated ia a given time, is 
called accelerating force j force, raeasurcd hy weight or pressure, ia 
termed moving force Now, though we can coucoive, as a conse- 
f|uence of what we have said, that two equal accelerating forces, 
acting separately on two different masses^ would cause thetn to nccjuire 
the same velocity, at tbe end of a given time^ it docs not follow that 
these different bodies would produce tbe same effect on any body 
which might oppose their motion. In order that they should do so, 
it is neccssEirj that J he product of the mass and the acquired velocityj 
should be the Bame for both moving bodies. Thus a ball of 2 lb, 
weight, moving with a velocity of 50 feet per Becoodj will cause a 
ballistic pendulum, wben struck by it, to vibrate through the same 
arc as when struck by a ball of 50 lb. weight, with a velocity of 2 
feet per second^ or ii ball of 100 lb, with ti velocity of 1 foot per 
second. The product of a body's masBj and its velocityj is called its 
momentum, or quantity of motion* 

If we conceive two eijnal weights, W and W, suspended from the 
extremities of a string passing over a pnlly P, 
FiQ^lL supposed to be destitute of friction, the weights* 

will remain at rest. If we place ever so smsill ti 
weight J DC J ou the weight W, the weight on which 
we pkce it must inuoediately descend j and, as 
long as X is placed on W, by the first l&w of mo- 
tion, the velocity of its descent will coflEinually 
increase. If wc remove x the weight VV will 
still descend^ but with the velocity constant, whiob 
it had acquired at the instant of so's removal, 
Now in this case tbe weight x ia called the moving 
force, or pressure producing motion j the two 



w'3'J^; 



weights W and W, together with x^ tho mass 
moved : the velocity of W's motion will be a 
measure of the accelerating force produced by j:, Now it is found, 
by numerous careful experi men tSj that this accelerating force, multi- 
plied by the mass moved, 2W + a;, is always proportional to tbe 
pressure-producing motion a; ; and tliis ia the third law of motion. 

Tho laws of motion cannot be proved by any series of experi- 
ments, however extensive — ^ these experiments only suggest the 
laws I and perhaps our firmest conviction of their truth arises from 
the wonderful manner in which, by combining these laws with the 
principle of gravitation ^ Astronomers have been able to predict the 
motions of the heavenly bodies with such marvellous cxactnessj and 
even to point out with certainty the precise spot in tho heavens 
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wIierQ a plaTiefc liitberto unknown would be founJ- To roiod nil d da 
tbes^j Isiwsi may appeal' objects of intuitive belief^ niicti once we 
have acquired correct ideas of raottcrj force, and moiion; but on tbia 
point some metaphysical difficulties clearly exist. Our natural be- 
lief in tbe laws of motbn certainly differs from tb^t which prevails 
in regard to mathematical truths j for tbo opposite of mathematical 
truths at once presents a contradictioUj while the opposite of tbe 
laws of motion may not esibibit itself at first m a coatradictiou to 
every miud. 

Moreover the linmnn miod cannot conceive that even Omnipotenco 
can muka two and two anything but four* Never fchelesSj if we con- 
template a heavenly body at perfect rest, on the assumption that it 
is for the time the only body in space j that heavenly body, in the 
language of the first law of motion^ will remain at rest for ever, 
naless some cause of motion emne into operation. 

In this case who will dare to say that it is impossible for Omnipo- 
tence to move that heavenly body with out apply log a cause of 
motion? Sucb an assertion would be wholly inadioisiiiblej unless, 
among the causes of motion^ it is understood that the Fiat of the 
Almighty is iucluded. 

The Bfllaiice. — The principle of the Balance seems at first sight 
self-evident; for it is self-evident — at least to a person of ordinary 
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t intelligence — tbat if a rod of uniform material and dimension ba 
L fixed by its middle point on a pivot, and two bodies equal in weight 
fcbe suspended one from either extremity, they will he in equilibrium. 
I But to render tiiis propsition intelligible^ the nature of gravity^ as 
[a property of bodies at tbe earth's surfEice, must bn clearly &eeu. 
r Tlnit bfing undersitood, tbe propoi^ition will then stand thus :^ — 
^Equal criuse.s, applied exactly in the ^aine manner, must produce 
[ eqind LfiVclss j the tauscs being tlte like number of particles tending 
Wgwn wards on either side of the fulcrum. And, by an easy de- 
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TTinustratiofi referable to self-evident principlesj it can ho shown thftt 
when the weights diffler, there i^, oeVL-rtheleiiS^ UQ 4::t|uilihriuiUj if the 
fulcrum be at the poiot iu the rod which divides it inversely in the 
ratio of the weights- 

This oaie, however, plainly diflPers from tlie convictions affonkd 
bj the necessary truths of mathematics, since the reasoning is mixed 
up with principles asscertoiDed by espDrieacc^ — the gravity of bodies, 
for example. And the same thing may be said of the demonstra- 
tions respecting the meehauical powers in gener:ilj — the lever, the 
wheel and asle, the pnlley, the iaclined pkoe, the wedge, and the 
screw* 

In Hydrostatics it is self-evident tbat a solid and insoluble body, 
immersed in a licjuid, must displace a quantity of the liquid equal 
to its bulk. The discovery of this fact cost Archimedes a great 
effort; but the moment it occurred to his miodj it was self-evident, 
!ind required no proof to obtain nniversal assent That a solid 
floating body J like a ship of the Hne, displaces a quantiiy of water 
equal to its weight, is equally tmej but not, at first sights quite so 
obvious. 

The refraction of light, to which bo many phenomena can be re- 
ferred, admits of no explanation. The evidence of the truth of 
this law ia as yet derived golely from observation; and a wholly 
opposite condition of the law could be as readily received upon the 
BUtiie evidence aa its actual form. 

GravitatioiL — The law of Universal Gravitation rests ultitiiEitely 
on observation. It is the greatest achievement of Inductive 
Science. It is expressed ia the langnago of Mathematics ; but it 
has nothing of the character of a mathematical truth. This law 
declares the mutual gravitation of all bodies, with forces directly^ as 
their quantities of matter, and inversely as the squares of their 
distances. 

In the e3:pression of this law bodies arc conceived to consist of 
minute particles^ more or less closely aggregated or packed together. 
In Physics, all such component particles of matter (differing from 
the laws on Chemistry) are regarded aa made up of the same small 
portions of matter ; that is to say, it is a part of the law that 
any two particles, at whatever distance from each other, exert the 
same mutual attraction. Thus tlie attnietion of one body or mass 
of matter for another if the sum of the attractions of all the particles 
of the one towards the sum of all the particles in the other; and if 
the attraction be equal on both sides, that is, if the attraction 
exerted by the one be as great aa tlie attraction by the other, it 13 
determined in the abstract, that the number of particles in the one 
is exactly the same as the number of particles in the other. But 
these two bodice, which are thuB conceived tu et^ntain equal quan- 
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titles of ma'ttor, may be cither of tlie si mo ma^Di Lucie, or may cod- 
siderjibly differ in magnitude, A cubic foot (tbafe ia ,17-8 cubio 
inches of watcTj) containg no more matter than 128 cubic incbca of 
inertiury, which is the same tiling as to s&y there is the same number 
of particles of matter in 128 cubic inches of mercury aa in 1728 
ouVjie inches of water. 

The law of Grravitatton is expressed in its simplest form, as re- 
spects particles of this kind— ^namely, the particles of matter attract 
each other inversely aa the squares of their distances. For example, 
to make the violeat supposition that there is previously no miatter 
in the uni verse, let two particles of matter be called into existencej 
and observed firs^t at the distance of five miles, and then at three 
miles from each other. Their attraction for each other is greater 
at the distacee of three miles than at the distance of five miles ^ 
but tho greater attraction is not represented by 5 and the less by 
3, but by the squares of those numbers, that is, by the one and 
the other of these numbers mnltiplied each into itself, the products 
of which multiplication are 25 and 9, Thus the attraction between 
these two particles at five miles' distance is represented by 9, and at 
the distance of three miles by 25, The law does not indicate the 
A^eloeity with which two such particles will approach each other; 
but did we know what proportion each bore to the whole mass of 
tho eartbj then it might be disco%^ered by reference to the Telocity 
of bodies falling near its surface — sixteen feet in the first second. 

We may here remark how the laws of motion mix themselves up 
with the law of gravitation, — the same supposition being continued 
as to the absence of all other matter m space- If, after these two 
particles had approached to witliin three niiks of each other, one of 
them were annihilated, all attraction would of conrae cease ; but the 
other particle, in aecordancc with the first law of motion, would con- 
tinue to move onwards in a straight line with the velocity which it 
hnd acquired at the moment of the extinelion of the other 

AttractioiL — To express the attraction exercised by the particles 
nf the sun over the particles composing each of the planets, numbers 
must be fixed upon which express, in some kind of dimension, the 
diHtuncea of each of these from the sun, and these numbers being 
squared we shall obtain a series denoting their relative attractions. 
To keep down the number of figures, it is best to choose some large 
jTicasure, for example, the distance of the moon from the earth, or 
240,000 miles. 

In the following tabic are set down the squares of the distances 
of the old planets from (he aun, expressed in numbers, denoting how 
many limes each planet is more distant from the sun than the moon 
is from the earth. 
S* 
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Mi'miTT ■ " ... ^.ViOO ! J MUt ...» MlO^mW 

YfinuB *... 7S,*M 1 Snturti 12,a50^ 

The Earth ^ lOO.OfW Xlranua ™..... ST^IOOjOW 

Mara .,.,....,.... .,.,.360,000 I 

Theae uumLers, however^ do not exprc.^a the actual flitraction be- 
tween tbe sun and these several pbnets ; hut only what their relaiive 
attrnctions would be, if each contained the same Dumber of particles. 
But where an estimate ia already formed of the quantity of matter 
in an J planet, and that quantity h considered in connection with the 
estimate of the quantitj of matter in the suHj and the actual Telocity 
in bodiea falling near the surface of the earth, then the elements are 
afforded for calculating the actual force of gravity hctwcen the sun 
and that plane t> The roots corresponding to the numbers in the 
above table denote the actual distances of the planets from the snn, 
a5 measured by the di glance of the moon from the earth, — namely, 
for Mercury, 100 ^ for Venus, 23^0 j for tlie Earth, 400; for Mars^ 
600; for Jupiter, 2,100; for Saturn, 3^000; for Uranus, 7,000; or 
nearly aa 1, 2, 3, 4, 15, 28, 54. 

It is easy to see that the law of gravitation ia gufficienily stated, 
when made to refer to particles of mutter, by einiply saying that the 
particles attract each other inversely as the sr^uarea of the distances. 
For it follows, as a necessary coaaequeoce, when a number of par- 
ticles arc collected into one mass, and a less number of particles into 
another mass, that the sum of the attractions in the one shall be to 
the sum of the attractions in tho other directly as the number of 
particles in the one is to the number of particles in the other. Again, 
when two bodies of the same hulk exhibit exactly the same attraction 
the one for the other, and under tbe same circumstances, we conclude 
that the number of particles in each is tbe same ; and this is what 
is signified when it is said that two bodies have the same density. 
Moreover it can be proved that the attraction between the centres 
of two spherical masses of matter is the same as if the whole particles 
of each mass were collected withiu thi'ir respective central points. 

The attraction between two bodies, or masses of particles, is mea- 
sured not by the mere velocity acquired by each, but by the amount 
of motion, or the momentum which esich exhibits. When two masses 
of matter, different in the number of their pEirticles, arc supposed to 
come into exiBtence in free space at t-ome distance from each other, 
the quantity of motion produced in each is the same. That which 
contains the greatest number of particles would move with less ve- 
locity J that which contains the less number of particles with greater 
velocity; but the momentum, or quantity of motion, in each will bo 
the same. 

It is easy, thenj to nnderstandj on the principle of gravitatioo, 
why two bodies — for example^ a pillaw and a piece of lead equal to 
the pillow in w^eight — were there no attnosphere, w *iil I fail to the 
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grounJ from a given Leight in the same time* Both would have the 
same lEoiiientum : but the momentum or impulse of Ithe pieee of leatlj 
would he impressed on a small portion of ihe surface, while that olif 
the pillow would extend over a large surface, bo tbaC each point oti 
that surface would be less nffected, II 

At first GonsideratioQj it may be somewhat difficult to see clearljl] 
that this great law of gravitation essentially differs from a matbe- 
maiical proposition, as resting not on intuitive convictions but oa 
ohserv^ed fucts- Bat a closer view of the whole subject satisfies the 
incjuirer that no law of this kind could have been predicted d priori; 
that is, from any natural or intuitive conviction of the human tnind. 
Such knowledge has no other foundation than observatiou. What 
confuses the mind is the large cxteot to which mathematical invcati- 
ffiition is employed for the asjsistance and perfection of observation. 
Here, however, matbematical investigcition serves merely the office of 
an instrnmentj by which, indeed, the dominion of the senses over 
nature ia almost immeasurably increased, 

PhyfiicSp — Tbe several subjects jnai noticed fall strictly under 
the head of Natural Philosophy or Physical Science, and indeed 
merely afford examples for the kind of kaowledgo which belongs to 
that great department. Bat when we eonBider that Natural Philoao- 
phy is ancillary to the great objects of Mechauical Science — to the 
Feonstruction of Time-keepers, the Hydraulic Press, the Steam KnglnCj 
[Artesian Wells, Gunnery, the Pendulum, Telescopes, Microscopes, 
^ the Barometer, the Tides, Railways, &c. — we shall be able to esti- 
mate the vast importance of a knowledge of its various subdivisions 
to men, particularly to those living in countries newly settled, and 
where the division of labour has not yet been carried sufficiently far 
to save every man from the necessity of being his own engineer and 
overseer. Even in the long-establlslied social communities of modern 
Europe, we have hut to glance the eye over the e4irecr of iudividuals 
of great activity of mind rather than of soli J education, to discover 
how much lime and money are annually wasted in the vain hope of 
accomplishing what is unattainable. Many a man of genius in former 
times, unenlightened by the knowledge this work is intended to 
' convey, has wasted his life and fortune in fruitless efforts to discover 
' the perpetual motion. And although this is not often now the object 
%a which uninstructed ingenuity is directed, there is still as much 
[ health, as nmcb genius, as much industry, as much wealth consumed 
1 on thingii uii:ataiuable as in former ages. 

[ Electric Scienjces. — The fact that amber, after being rubbed upon 
woollen cloth, first attracts liglu bodies and then repels them, and 
^ n^jon which the Science of Electricity rest^, derives all the eyidence 
r of its truth frijuj observation. The same may be said of all the dls- 
' coveriefi hitherto made in Electricity. There is no principle in tbe 



32 



CnEMISTEY AS INDUCTIVE SCIENCE. 



whole subject whicb couki imve been inferred independently of ob* 
servaMon, It is purely a science of induction; and the same remark 
may be miide of Galvanisra. It was as impossible to predict, a 
prion J the decompoaition of water » and the other surprising effects 
of Galvnuisnij by the mere approximation of two inetallie plates im- 
rnersed in an aeid ^lotion, as it ia to estjiblisb, a prwriy after the 
effect is witnessed, that it is really due to the apparatus employed. 
Of Magnetism, what more can be said than that certain facts baTe 
been ascertained by obserTatiou ? And although it is now sufficiently 
apparent that Electricity , Galvanism, and Magnetism are merely dif- 
ferent forms of one more general science^ that eonelusion baa been 
deduced, not from any a priori reasoning, but simply from the accu- 
mulation of faetSj and the inference of principles from these by the 
common process of induction* 

Under the beads just noticed^ together with those of heat and 
light J how many subjects fallj of eurpaesing interest and of the most 
direct use to men in every situation of life I Some years ago, when 
the number of steam -hpat accidents in the United States attracted 
public attention, an American writer successfully showed that as 
many persons every year lost their lives by lightning, within the 
Union J as by the bursting of steam-boilers. Increased Icnowledge 
and attention on the part of engineers have very much diminished 
the annual mortattty from steam -boat accidents; and surely it is not 
too much to expect that the great annual loss of life by lightning 
may be materially circuiiiscribed by a better aequaintutice with the 
nature of the electric fluid, and the precautions which such a know* 
ledge may suggest for avoiding danger during the violence of a 
thnndcrstflrm. 

Chemistry, — But Chemistry auppliea the beat example of a 
purely inductive science ; and the progress which Chemistry has al- 
ready made is sufficient to make known the final composition of the 
bodies which man sees on every side around bim. It teaches thatj 
out of sixty-three simple substances^ all these bodies are constituted. 
It shows him how to obtain each of those simple substances in a 
state of purity; and, when it is required, it points out how these 
simple substances are to be converted into such compound bodies as 
are necessary to the arts and conveniences of life. 

In Chemistry there are no original a priori rules. There are no 
facts or iaws discoverablo by tho mere light of thought, independ- 
ently of experiment and observation. All that the exercise of genius 
can do in Chemistry is to suggest new paths to be explored, Che- 
mis try, therefore, ia a science whicli enables us to understand both 
the extent and the limits of the Baconian precepts. It is wholly in- 
ductive; and yet the principles which indnetion has here afforded. 



RELATION OF AET 10 CUEHISTBT. 



88 



while tlkej are numerous aud inost aviiikble, aro^ as lawEi of nature, 
neither free fnnn cxtuptioD uor vcrj ct^mprehcnsive. 

It ia by the study of the mere propertius of substances that che- 
misjta have atiLieTed most of their sut'eess. Thp early progress of 
Chemistry was tardy iu the extremej until gaseous bodies fell under 
rigid examiuation j and from tbat date its progress baa been lilmost 
incredible. Cheniists for ages \\mw of several sorts of air; but they 
^euim never to have arrived at the idea, tbat by determining the seve- 
ral peculiar properties of these airs they might be able to distinguish 
thi;m from c&th o:ber. Eydrogcu gas baa been known from timo 
immemorial as an inflammable vapQurj which played about the appa- 
ratus ^Y he never sulphate of iron was direetly made by the addition 
of dilute sulphuric acid to iron tilings. But although its peculiar 
ioflammable character was known, and even its smell in this way of 
producing it, and also that it did not appear unless a krge propor- 
tion of water whs abided to the acid ; yet no one thought of seeking | 
the means of identifying it when otherwise produced, until Caven- | 
dish noticed its extreme levity. 

There was no deficiency of genius or industry among chemists 
during the period of thia slow progres^sj but with all their solicitude 
to purs^ne the precepts of Ba^con, they do not appear to have anffi- 
eieutly felt the neces^^ity of an exact knowledge of the peculiar pro- 
perties of every sub&tanec, and the means of its identification when 
present in minute quantity. The only effieieut aid which chemistry 
has derived from exaet knowledge is the homely aid of the baknce. 
Up til recently, chemical operations were too rude to admit of much 
advantage from the nice determination of the weights of the sub- 
Btaoces employed in experiments; otherwisoj how many difEcul ties 
of former times might have been solved without delay 1 

In the espei iiuent of burning hydrogen ga3 with oxygen gaSj it 
was rcmarkedj at an early period, that the apparatus became bedewed 
with moisture. The gases shrank into nothing, and moisture was 
found upn the apparatus. Yet it was a long time before the con-t 
elusion was drawn, that the water was the product of the combustion^ 
The balance would at once have settled this point, by showing that 
the water produced equalled the sum of the weights of the two gasei 
exploded, 

Tho Fuhjects which Chemistry embraces are so many necessities 
of man in his social life, A few examples of the departments of 
art founded on Chemistry will sufEeo to show bow desirable a know- 
ledge of Cbcmistj'y is to every man^ whatever his occupation in life. 
Among these stand prominent the extraction of metals from their 
ores; the subject of artificial light, or the various modes of artificial 
illutuinatiuu ; the arts of dyeing and bleaching; the substances fit 
fur fuel^ the nature of fire-damp and choke*damp iu mines; the 
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artificial production of ammonia, in reference to agriculture; gun- 
powder; artificial minerals; chemical tests, and the detection of 
poisons; ventilation, and disinfecting agents; cements; artificial 
mii(erals; pigment^; metallic alloys; and other subjects which it iB 
needless here to enumerate. 

Physiology. — Next in order to Chemistry stand the Physiologi- 
cal Sciences. The discoveries in this science are to a great extent 
peculiar laws of nature, while many of the phenomena of living 
bodies are physical, chemical, and electrical. When the muscular 
fibre shortens itself on the application of a stimulus, it is in obedience 
^to a pure Physiological law. When the impression conveyed from 
the surface of the body by a reflex nerve is succeeded by an influence 
transmitted to an organ of motion, it is in obedience to another dis- 
tinct physiological law. 

Certain laws of nature acting together with the laws of motion 
. produce the planetary movements, so strikingly remarkable for sym- 
metry and harmonious union with each other. On the other hand, 
certain laws of Physiology, in apparent opposition to the laws of 
physical nature, and to the ordinary laws of Chemistry, produce 
effects in every way so surprising, as to have engaged the attention 
of men in all ages, upon the very peculiar nature of the influences 
by which such effects can be called forth and sustained with an 
almost unerring uniformity, during the various limited periods to 
which the existence of individuals in the two organic kingdoms 
extends. 

There is nothing, in the whole character of physiological science, 
more at variance with the general economy of nature than the limited 
duration, in each individual, of the phenomena which constitute 
animal or vegetable existences ; — and the complete isolation, through- 
out its whole existence, of each individual from other portions of the 
organic world, after the first separation from the parent organism, is 
another most striking and peculiar feature of physiological science. 
The innumerable forms which organism assumes, in the varieties of 
animal and vegetable species, set at nought eVery possible idea of 
their source being a mere physical force of development, under the 
limitation cf a few overruling influences. And what is not less re- 
markable than the characters already stated, is the manifestation, at 
every step, of the nice accommodation of means to peculiar ends, in 
the structure and economy of organic bodies, which renders it im- 
possible to seize the mere inductive laws of Physiology, without a 
perpetual reference to final causes. 

If it be said that the animal or plant could not have existed with- 
out certain organs adequate to certain ends — and therefore that such 
contrivances are merely indispensable conditions of existence, — 
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the answer is, that organic nature ia not a neceasary part of the 
economy of the universe; ttutt the matcn^l worlds without the 
organic, was eoinplf!t« io itself; and therefore it is to be coneludedj 
because the organic world exists with marks of design, such as 
characterise the works of man on earthj as distinguished from the 
works of aaturej th^it in the origiu add inalutenanee of the orgiinitJ 
world there is nianife^tisi a special iDtelligence und wis^dmn^ witiiout 
continu^il refereuce to wbii:li Phj^siologj will fail to make the pro- 
gress of which it is susceptible. 

The k DOW ledge of Fhysiologj opens up a new field of human 
thought. lo it we trace the wisdom of the Creator, as in 
Astronomy we discover uaanlfeBt proofs of his power. Gulen said 
with truthj — ** The study of Aoatoin j is the use of a hymn in praise 
of the wisdom of Ooil/' Tbis is, indeed, the most dignified office 
of Physiology ; and it is in this light that it exhibits its greatest 
glory. But tj how many subordinate uses is it also subservient J 
Under Phj.siolo^, m its largest eensCj sund Medicine and Surgery. 
In proportion as the knowledge of even a rude Pliysiology huB 
diffused itself has I he value of huuian life increased. Both Medi- 
cine and Surgery are bilt handmaidens of Nature; but how ineffec- 
tual — nay nitber, how pfiruicious- — were man's natnrrd modes of 
treating diseases and injuries, until Physiology had enlightened htm I 
One great use of a knowledge of Plijsiology is to teach men what 
they should avoid doing when diseases have arisen j or injurioa * 
have been sustained. He who understands somethinij of ths 
animal economy^ knows with what precaution he should employ less 
known reniediea; while he knows also, that even good remedies are * 
only good when seasonably used. And this knowledge, so far from ' 
unlitting him for finding new reniedies among the natural produetioni ' 
of a strange place, alTonls him an infinite advuintjtge over every one 
who, without Such knowledge, ventures to experiment upon a disease* 
Let a man understand the general scope of Physiology, and he < 
becomeSj under sickuess or injuryj a safe guide in the wilds of 
Australia; while be who is ignorant of the animal economy^ if he ' 
uses remedies at allj uses them as much at random as in ihe daya 
of t^pellSj amulets^ and charms. If he bus studied Botany, he knows, ' 
as we shall presently see, from which families of the vegetable king- j 
dom safe drugs may be takeUj and from wKieb poisonous substances I 
may be feared. f 

Man, in every country, acquires the most part of his knowledge < 
by experience J but in every eomplei: kind of knowledge, like that 
which relates to man, animals, and plants, bis experience deceives I 
him, unless he foe previously acquainted with the geoenil scope of 
Bature in that department. Hence a new settler in a straug# I 
countryj who understands Physiology, ban an immense advantage 
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over one wlio^e igni^r^nce tloca not allow bim to interpret the 
which duily come uuder his notice. 

PsycLology. — The vast recent progress of the phyeical eciencea 
has cast into BLtade tbose iniportaDt branches of knowledge wbtoh, 
rest on thought retroverted upon itaelf, 8uch are the P^jchologica;! 
sciences,— Metaphysics, Logic, Ethics, etc. 

However little has been the progress of an exact kind hitherto 
mude in those scieuccfi, there can be no doubt that man is both 
capable of making, and destined to make, great advances in thoa« 
all-rmport4int departments of knowledge. If it be asked to wha4 
end ? The answer is, tha.t it is solely by the general diffusion of 
these sciences that language cari be made an exact medium for th« 
interchange of thought and opinion od all subjects which are not 
represented by sensible objects. 

In no distant time the activity of mankind niusfc require now 
occupation of mind. The career of physics, astronomy^ and chem- 
istry ^ must begin to slacken j if such & slackening has not already 
commenced. The world at present stands amazed at the euccessftu 
application of the diseoYcrie:?^ not quite of recent date, in the physi* 
cal and chemical departments, to the arts of life— steam navigation^ 
gas illumination, railway communication, the ^lecJrie telegraphy tbd 
advance of agriculture; but even these wonders must lose theit 
novelty, and the time will arrive when the sciences of mind will 
have their turn of popular favour and ctdtivation, from which tkt 
most important fruits may be anticipated. 

The stagnation of the psychological scieoeea extends to all thos« 
which rest upon moral evidence ; in short j to all those which depend 
for their progress on precision of nomenclaturcj while the subjecta 
of inquiry are not fully represented by sensible objects. There are^ 
indecdj numerous departments of huuian knowledge which seem to 
depend on mere observation, in which general principles arc con- 
tinually deduced from apparent facts, while the progress made Is 
very little coin m en su rate with tho labour bestowed upon them. 
This defect of progress arises cbiefiy from the so-cailed principles or 
inferences being deduced from particulars called by the same name^ 
without beingj as is necessary for a perfect induction, exactly identi- 
cal in character. The Science of Government, the Science of Jjaw, 
the Science of Medicine, and many other departments of human 
knowledge, come within this description. 

Statistics. -— Statistics have of late assumed the character of a 
separate branch of knowledge. It is rather an art than a science, and 
when UQskilfuily practised, is subject to the greatest possible fEillaciea 
in its deductions. The evidence of statistics is apt to be represented aa 
equivalent to that of demonstration. But the slightest considei-atioa 
Will show that the evidence of statisticSj though capable in some 
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circutn stances of being demonstrative, also ranges througli every 
degree of moral evidence — the posaible, the probable, and the 
morally certain. Hence the source of the great crrora just referred 
tOj as often as the evidence of statistics is af^suraed to possess one 
uniform demonstrative charfloter It is manifest that in all kinds of 
induction the principles arrived at can have no higher authority than 
the evidence bearing on the identity of the several particaUrs out of 
which these principles have been drawn. 

It seems unnecessary to go farther in illustration of the proposi- 
tion that the various departments of knowledge, resting on moral 
evidence, cannot make effectual progress until the psychological 
sciences have gained a larger share of popular favour, and have 
become generally cultivated and understood. 

Natural History* — Between Natural History and the descriptive 
Beiences, a strict alliance has been closely cemented. In the 
advantages of this alliance both departments participate. Natural 
History was originally very rudely arranged, owing to the various 
mineralj Tegetable, and animal species being grouped together, 
in accordance merely with their most obvious external characters. 
What ore termed natural systems of Natural History have arisen 
out of its alhance with the descriptive sciences, — the knowledge of 
the minut'e structure of plants and animals, and of the structure and 
composition of mineral bodiea being made subservient to the group- 
ing together those individuals of the three kingdoms which are most 
closely related to each other in internal as well as in external characters. 

Mineralogy. — What a field of profit to the student does Natural 
History present! In the inorganic kingdom^ how precious la the 
knowledge by which he can^ figuratively at least, convert dross into 
gold ! If a man has become acquainted with the characters of 
mineral substances, he may discover that which is regarded as 
worthless to be often of the greatest value for some purpose in the 
arts, A recent action at law exhibited one of the pftfties as having 
obtained a lease for upwards of twenty years of a coiil-miue, — one 
of bituuiinous shale, which yields many times the price of coal for 
the manufacture of gas. The lease was found valid. Now, had the 
proprietor known a lit He of mineralogy, instead of entering upon a 
costly law-suit, he might have enriched himself by selling his own 
stratum at its actual value. But numerous instances could easily 
"be cited, in which similar ignorance of natural objects is tantamount 
to losa; and where, on the other handj even a slight knowledge 
leads to great pecuniary benefit. 

Knowledge of the Mineral Kingdom implies an acquaintance 
with the ebaraoters by which the precious stones arc recogniiiedj 
with the judications of the mineral forms of tJie useful metals j witk 
4 
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those of marblea, spars, alaliDstera, and ornamental minerals in 
geiit?rdl; with buildiag istOQes^ and tbeir rcbitive value; and with 
the mineral!* which characterise the suvcriil geological formations. 
All these mibjeots we propose to introduce in due time into our 
Treatises j and on how many occasions may 
our expositiotia of this descriptioti of know- 
ledge prove of the utmost service in manj 
positions of life ! Let us fitata a case, as re- 
futed by Professor Term ant in his Fift-eeoth 
Lecture^ on the retiuhs of the Great Exhibi- 
tion, For want of the knowledge of the 
crj-stalliDe form of thediamoudj a gcntleraan 
in Oaiifortiia offered £200 for a small speci- 
men of quartz. The gentleman knew 
nothing of the substance, except that it was 
SI bright, shining mineral, excessively hardj 
not to be touched by the iile^ and which 
would scratch gla^s. Fresumiirg that these 
qualities belonged only to the diamond, he conceived that be was 
offering a fair price for the gem. The offer was declined by the 



owner ; who, had he known that the diamond was never found crys- 
tallized in the tbrm of a six -sided prism, term in a tod at each side by 
a six-sided pyramid, as seen iu the larger cut, which is the exact size 
and shape of the stonej be would have been able to detect the fact^ 
that that for which he was offered £200 was really not worth more 
than hslf-a-crown I The larger figure represents the piece of quarts 
in questtouj the smaller, one of the more common forms of the 
diamond. 

Zoology. — Again, as to the Animal Kingdomj how large the 
mine of knowledge it crabraceSj aud that of interest and importanoo 
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not confined to the naturalist ! The merchant, the manufacturer, the 
Bgriculturiatj the traveller, the sportsman have all to seek aid, in 
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(heir sevenil pursuits, from a knowledge of this dopartment of 
uatuml history* Look to ibe value of our lisLerieflj and judge how 
availiible to the commercial world becomes this knowledge of animal 
nature. Nay more, but for our knowledge of natural history, one 
of our most importuot articles of food would in time have entirely 
disappeared from our waters* We allude to the salmon, the fry 
of which, and the parr^ are now universally acknowledged to be 
ideotlcaL Our cut (j^o. 15) sliows the fish ao well known by the trans- 
verse dusky bars which mark its sides* Under the name of parTj 
it abounds in all salmon rivers; andj until the resenrchcs of Mr. 
ShaWj Sir Wnu Jardino, und othcirfi, proolaiined it to be the young 
of the salmon J it fell in tbousanjs before the strategies of every 
village boy who possessed iv crooked pin and a yard or two of line. 
Scienee has now estabhshed its value, and invoked reguktiona for 
its preservation* Tbe angler too, — bow much more successful is be 
in his sport who has studied the circumstances which influence the 
humours of hia prey? Is it less true of the sportsman who un- 
wearied ly pac»?3 tbe moors in autumn that his sueeess is intimately 
dependent on his knowledge of tbe habits of the game? The wild- 
goose chase is pro verb id j but, besides the actual chase of the bird, 
in which no one succeeds who docs not understand its habits, there 
are many figurative wild-goose chases in the animal kingdom in 
^hich siiceesj* fails from ignorance of particulars^ which the study 
of Natural History could easily bav^e supplied. A practical iilus* 
tratiou of the benefits even of a slight knowledge of Zoology, pre- 
eents itsself in the case of a traveller or emigrant in some unknown 
country* lie has pitched his tent, or raised his but; and then he 
finds the locality infested by serpents. He is all anxiety and fear. 
He knows not what to do : whether to proceed to another spot, or to 
remain and brave tbe danger. Some aequaiutance with the structure 
of reptiles would at once have decided his plans; for with the 
first he killed he could decide whether they were venomous or 
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hwrmlejis. The farmer — and the common viper is one — possesses, 
on either side of the head, glands which is^crete tbcir venom ; and, 
to conduct it to the wound they inflict upon their prey, they are 
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furnished with two hollow but long, recurved^ and sharply pointed 
teeth in their upper jaw. The harmless serpents have no snoh 
apparatus; and thus the two genera are at once distinguished by 
the absence or presence of the fang in question. Our cut, (Figs. 
16, 17,) after Professor Owen, exhibits the skulls of the two feimilies 
with their dental peculiarities. 

Botany. — A treatise might be written on the benefits which an 
acquaintance with the Vegetable Kingdom is capable of a£fording. 
Of how great use is it in strange countries to be able to distinguish 
the plants fit for food, from such as are poisonous ;. and to recognise 
those which have been employed in medicine, or in any one of the ' 
numerous arts to which the Vegetable Kingdom is subservient! 
Even an Elementary knowledge of Botany is of exceeding interest 
and importance. Travellers in unknown lands know full well that 
life or death often depends upon their acquaintance with the science — 
an acquaintance, it may be, not derived from learned treatises, but 
simply from little more than the ordinary observation of those edible 
plants with which all persons are familiar. But even this is still a 
knowledge of Botany. An all-wise Providence has so arranged that 
plants may be associated into families from their external resem- 
blances; and, further, that plants possessing such resemblances to 
each other, have many properties in common. 

One of the great families of 
Fig. 18. plants is the Cruciferae, or Tur- 

nip tribe, every member of 
which, marked by very obvious 
characters, is easily recognised, 
and scarcely to be mistaken ; 
and all are remarkable for edi- 
ble and antiscorbutic properties. 
The crew which accompanied 
Vancouver in the expedition of 
1792, suffered severely from 
scurvy, from want of vegetable 
food. The surgeon advised 
that they should make for the 
first land; and at Cape Horn 
he found a plant resembling 
spinach, which he directed to 
be used as food, with the hap- 
piest effects. This is not a rule 
without an exception ; but it is 
of such universal application 
that the traveller may in his 
nepessity, safely trust himself to its guidance. 
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The Icoaandrous plants, or such as have an indefinite iinmbBr of 
BtanniDS attached to the {ja- 

lyxj lire remaikahle for theic fio^ ^^^ 

fidtflity to thia law. They 
ire itll edible, a ad are repre- 
sent^ad by the apple and pear 
tribesj the cherry ^ the straw- 
berry, &c. 

There is alao another great 
fiimily — the grusj^cRt the ^^^ .,„, 
members of wbieh exceed ( /i> 

tho?*e of any other clai^Sj ia 
number and in their easeu- 
Einl importance to the wh(de 
animal creation, Thi:^ fam- 
ily comprehends the grasse!^, 
commouly po called — the 
wheat, oat, harleyj rye, i&g.j 
of our temperate elimate, 
and the sugar euoes of tropi- 
cal regions; and all possess the common properties of being nutri- 
tious and healthful. During Lord An son* a voyages, on the failure 
of provisions, the mariners landed and found vegetables, which, 
although unknown, were reeognised as belonging to this great family^ 
and proved to be highly bcneficiaL 

But while the value of thia law is indisputable, a further know* 
ledge of Botany is necessary to the traveller; since he will frequently 
find associated together edible and poisonous plantv^. Thus, the 
deadly Upas tree is placed with the delicious fig. The magnificent 
Euphorbias of tropical forests yield, on the one hand, the refreshing 
juice of the E. Balsamifera of the Canaries, and the Yuca Dulee, the 
nutritious farinaceous meal of Mexico ; and, on the otherj furnish to 
tte warlike inhabitants of Ethiopia the poisonous juices in which 
they dip their arrows. 

The splendid Cactuses, also, produce the delicious milk of the 
Hya-hya, in British Guiana, and that of the Cow tree in Ceylon, 
and also furnish the strychnine of medicine, and the far-famed 
wouralie poison of the banks of the Orinoco. Lastly, it fre()nently 
happens that, while one part of the plant yields an article of food, 
another is laden with nosious properties. Thus, if the starch 
furnished by the Kuphorbias and Cactuses were eaten before the 
juices of the plants were expelled, speedy death would ensue; 
andj as a more fitmiliar esample, the tubers of the potatoe plant 
form a valuable article of diet, while its green-calouted fruit m 
poisonous. 
4 * 
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Geology. — Geology, again, is no longer a merely curious specula- 
tion. ^ On the contrary, it is one of the sciences which most surely 
leads to practical results. It has methodised the crust of the earth, 
and taught us to look for certain minerals almost as we look for 
certain books upon certain shelves of a library. Coal is nowhere 
found but in the coal-measures ; and a knowledge of the position of 
the coal or ironstone strata, and of the rocks usually associated with 
them, has guided the capitalist to the spot where he might engage 
in the search for these products with the least chance of disappoint- 
ment ; and, in many instances, had the directions of Science been 

sought and followed, vast 
sums would have been saved 
to the community. 

Deceived by appearances, 
or misled by designing indi- 
viduals, persons have sought 
coal at a great expense in the 
wealden formation of Sussex, 
the oolites of Oxfordshire and 
Northamptonshire, and among 
the Silurians of Radnorshire ; 
whereas attention to the sim- 
plest principles of Geology 
would have shown the folly 
of such attempts. Because 
Pennsylvania is rich in coal, 
it was imagined, in the neigh- 
bouring state of New York, 
that the precious gift might 
also be found there ; and the 
resemblance of certain Silu- 
rian rocks, on the banks of 
the Hudson, to the bitumi- 
nous shales of the true coal 
formation, appeared to sanc- 
tion the surmise. Accord- 
ingly, mining adventurers 
squandered away a largo 
amount of capital; until Geol- 
ogy, at the invitation of the 
Legislature, authoritatively 
declared the futility of the attempts. 

Our cut exhibits a section of the Great Bristol Coal-field, extend- 
ing from the Mendip Hills to the north-west of Bath, a distance of 
about twenty miles. 
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Arrangemeiit of Knowledge, — IJoi^idcs tlio Sciences nad the 
Li bo ml Arl\^f Ytiikh kafc wiU obtain u dut? Biiarii of mir attention, 
tlitre tirf.^, nmotig the subjects of human kncrwleLlg^^y the Arts and 
.^Janufuctuies, which contribute to tbc coiivenietitie and comfort of 
life; siuiJ which umy be claaaod under the general head of Social 
Economy. 

The vuriona branches of knowledge of a practical kind connect 
thenisel^es with corresponding branches of Seienue. Son)e itrts are 
mecbanical; some eheinical; some phjsiological, and fioino purely 
iut'cUcctuaL In uU these departments there urc pnictical branches 
of koowledge which deserve the aJrcntioij uf idYery one who desires 
to be aceounted liberally educated} whilo there are others too tech- 
nical to admit of any proiicieney escept nn the part of those who 
do vote their lives to the pur.suit AtU of this iattur descnptioo will 
not enter into our plan; but, in other respi'et^, we shall exclude no 
bmneh of study whiuh belongs to the educEilion of au accomplished 
oitizen. 

It is thus seen that the mode in which we design to treat our 
subject.^ is sueli sis beat conduces to esereise and improve the human 
fitculties, and to open and expand the mind. 

Uses of Knowledg'e. — -The acquisition of knowledge has two 
great objects; namely, to obtain information for its own sake — that 
JH, for the sake of the uses to which that iuform;ition may be applied^ 
and a bo J by the varied exercise of opprehensionj memory, reasoning, 
judgment J and other powers of the intollccr, to render those faculties 
avaihible for the purposes, however greatj in which, one time or 
•other, a man's position in Ufo may requii"e their utmost serviee* 

The effect of education upon the individual is easiily understood. 
It tnakcB him what be actually is, as respects the particular stores 
of knowledge he possesaeRj and the command of mind which he can 
bring to hear on every crisis of his life. But miin in society doea 
not stand insulated, either as respects his knowiedgo or his powers 
of exertion. Every man possessed of knowledge and of ability, 
natural or actjuired^ sheds around Lim gifts of iucalculable valu*!. 
He is a centre or focus from which light is diffused on every side. 
A person who is himself uneducated, by living Eimong those who aro 
educated, obtains no small share of the advitntiiges which they pos- 
iess. He picks up fragments of their knowledge; but by far the 
greatest of his gains arises from the circumstance that, by the imi- 
tative power with which our species is so largely gifted, ho catches 
the spirit of the acquired modes of thinking pn&sessed by thoss 
around him ; so tiiat, although bis knowledge may remain rude and 
diifjoiuted, he begins to think like one who has i-eeeivcd a liberal 
education^ Thu?, like charity, knowledge carries with it a double 
blessing— 'blessing him that ofilrs, and hiui that receives* 
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Perhaps no people as a body ever exceeded the Athenians ia 
acuteness. This we may justly infer from the style of the orations 
addressed to them, particularly from the stern, direct character of 
those of Demosthenes. To the immediate education of the Atlie- 
nian youth no very great attention appears to have been paid. We 
are told that their first instruction was in swimming and the mdi- 
ments of literature. As for those whose abilities were but mean, 
they were to learn husbandry, manufactures, and trades. Those 
who could afford the education of a gentleman were to learn to play 
upon musical instruments, to ride, to study philosophy, to hunt, aad 
practise gymnastics. Whence, then, did the Athenians as a body 
acquire that reputation for acuteness, for which, undoubtedly, they 
were pre-eminent ? The portion of the people to which this charac- 
ter applied, probably at no period exceeded thirty thousand, if, in- 
deed, that be not too high an estimate ; since it only excludes the 
servants and bondmen, by far the most considerable proportion of the 
inhabitants, and makes allowance for about ten thousand foreigners, 
who were permitted to listen, but not to take part in public affiiirs, 
or in public amusements. 

The signal acuteness of the Athenians arose, unquestionably, not 
from any remarkable superiority in their early education, but from 
the public life which they lived, continually listening, in their public 
assemblies and courts of justice, to orators; in the schools of phi- 
losophy, to discourses on human nature rather than on physical 
science } and in the theatres, to the unrivallejd dramas of their tra- 
gedians and comic writers. Thus an Athenian, when Athens was 
at the height of its fame, could not be otherwise than acute. He 
took part in the deliberations regarding public affairs ; he was pre- 
sent whenever instruction or amusement was going forward ; and, if 
war arose, he fought, — sometimes by sea, sometimes by land. He 
had occasion for no language but his own ; his instruction was chiefly 
oral; he required no books but those written almost in his own 
time; and he could not but know his o\m language in all its minute- 
ness and shades of meaning. He was a statesman, a legislator, a 
lawyer, a soldier, a philosopher, and a man of taste ; he was there- 
fore master of all the technicalities which had as yet arisen in the 
language ; and nothing could be spoken of, or even hinted at, which 
he did not at once perceive and understand. 

How different is the case in modem times I How much more 
must be learned to be on a level with the age than was necessaiy in 
Athens ! At Athens the knowledge and acuteness by which an 
accomplished citizen was distinguished, came to him as easily as an 
acquaintance with town life now comes to those hopeful scions who 
spend their nights and days in the metropolitan streets. 




G. L. SIMMONS WEOfCUL UBRm 

ED IT CATION DESTROYS B EL US ION- 



45 



We cife the superii>r ^eu ten ess of the Athemana to ill list rtite the 
cfFect of the bprend of intelligence from raind to mind, by which the 
jmproYeiMent of a grnall proportion of the population becomes a sort 
of leaven to the whole tuass, which, under favourable eircum stances j 
moy quickly become biniilarly affected. But the history of tho 
Athenian people affords us another lesson, by showing how mueb 
the world has changed since their tiniej and how much more labo- 
rious is now the task of acquiring knowledge, and a character fox 
intelligeucG and acuteness ; for, iu our day, owing to the rapid 
extension of new departments of knowledge, and the consequent 
increase of new terms, there is no longer that general acqnnintanoe 
with the Rieaning of words which prevailed among the ancient 
inhubitants of Athens. 

Popular Errors. — We admit that, in the course of time, societyj 
merely by ha.ving included within it a small spriukling of persons 
imbued with exact knowledge, has come to think correctly upon a 
great number of eubjecigj on which formerly the grossest errors pre- 
vailed. But this very circumstance affords the strongest inducement 
to promote education, with the utmost speed, through every rank of 
the community* There arc still many evils njore or less latently 
devastating the social fribric, which an improved state of knowledge^ 
and the consequent more exact mode of thinkingj would go far to 
correct It is an undeniable fact, that within the last two or three 
hundred years a vast amount of positive delusion, by which the 
huinaii faculties, moral and iuteUcctualj were for ages kept in thral- 
dom, has almost wholly disappeared from western Europe, Now, if 
men iu general no longer seek to discover the coming incidents of a 
man's life, or distant events in the history of a people, by studying 
the course of the stars or to prefigure the future in the direction of a 
thunder-clap, or in a shower of stones from the air, or in the flight 
of a bird J or in some peculiarity of un animal's entrails, — and that 
less from any profound or widely-diffused knowledge bearing on suck 
subjects J than from a more exact mode of thinking on tho course of 
nature derived from the increasing, though still small proportion of 
educated minds influencing society — surely there is ground to 
anticipate that many of the evils still left hi: hind — ^ the fruits of 
ignorance and unsound thinldng — would he eradicated by the 
general diffuision of education throughout the masses of the com- 
m unity. 

Ignorance of Natural Laws, — IIow dight is the knowledge of 
the laws of nature, which tor the last two or three hunih*ed years 
has fallen to the tot of each individual, even among the cdueated 
orders of society I And yet that mere sprinkling of knowledge in 
Buch sciences as Astronomy, Meteorology, Natural History, and 
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Anatomy, has sufficed to banish from this part of the world astrology, 
divination, sorcery, witchcraft, and magic. What an encouragement 
does this fact aiford to perseverance in that course which, within the 
narrowest limits, has proved so successful ! But thgro are still delu- 
sions remaining to be banished by the extension of sound knowledge. 
Does the favour extended by the public to clairvoyance, table-taming^ 
and spirit-rapping tell of the advancement of our age beyond the 
standard of a former one ? The age should blush for it«elf, and take 
to study, Such study would not only teach what to believe in mat- 
ters of science, but put it fairly on its guard against blind guides, 
who every now and then arise, like ignes fatuij to mislead the 
unwary. There are two brilliant examples of these in the present 
day, who may serve as lessons to the public in the time to come, as 
having led many astray from the simplicity of truth. They are dis- 
tinguished men, too — the one an eminent chemist of Germany, the 
other, one of the greatest men Scotland has produced. The public 
should prize both these men much, but truth more. It is melan- 
choly to think that such men should outlive their faculties ; bat it 
is still more melancholy to think that the public should be so little 
instructed as not to distinguish true from false science. 

Statistic Fallacies. — The tendencies of the present age have 
caused exactness, where men must think without sensible forms 
before them, to be so generally neglected, that authors who would 
lose caste and reputation for bad spelling, and still more, for errors 
in grammar, may violate with impunity the rules of logic, so essen- 
tial to the teaching of truth. In no department are these rules so 
often grossly violated as in statistical subjects, where we should cer- 
tainly expect something like mathematical accuracy. Mr. Farr, the 
able medical assistant of the Kegistrar-Qeneral, has pointed out a 
most ludicrous mistake of a logical kind, which cannot be too widely 
exposed in an age when every man appeals to statistics, and deems 
himself competent to deal with them. The annual mortality in 
prison>life being required, the statist takes the number of persons . 
who have sojourned in a particular prison during the year, and also 
the number of deaths that have occurred. He then divides the 
former by the latter, and points to the result. Such logic is the 
same as if an innkeeper should boast of the healthiness of his bonse, 
as compared to the rest of the town, on the ground that he had^ 
during the year, entertained a thousand guests, of whom only one 
had died ; whereas, the mortality for the rest of the town had been 
at the rate of twelve per thousand. On this kind of logic, however, 
Mr. Farr tells us that a French minister pronounced prisons to be 
the healthiest places in the world; and an English inspector gravely 
affirmed, that in very few situations in life is an adult less liely to 
die than in a well-conducted prison ! 
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False Indlictioil. — In the ridicaloua book of one of tlie persons 
to whom wc have referred, translated by an emineiit profeagOT of 
cbetniatry, tiiere is a most unpardona^ble abuse of the tenn ** induo- 
tioo/' One of the purposes of the work is to Biiiintam that some 
people can see lights asmitcing the forra of human bodies in church- 
yards, and other places where persons have been buried ; and we are 
told that the evideoce on which the German author rests this state- 
ment is an indut^tion of particulars. 

Now, whut IS this so-called induction of particulars? A lady 
repeatedly says that she sees luminous forma over the graven of the 
newly-buried- K^ch repetition of the assertion is gravely set down 
as one of such a series of partienlars, as upon which it is allowed to 
found an iuductiou. In the first place, there is no evidence of even 
one of her jisserlians being founded upon anything but a vapiry of 
the imagination. It is a correct induction, from the particular 
initances referred to, tn say that the ladj iu r|ucsiion asserta such 
thing?* ; but here tlie induction ends, and, us regards the reality of 
the thiogs seen, one assertion is as goad as a thousand. 

It is melancholy to think that such credulity should exist among 
nien of eminence in special departments of human knowledge ; but 
Htill more melancholy to reticct that the very terms of csact Jogio 
should be misunderstood by an eminent professsor of an important 
department of IHiysical Science. 

Education. — The sentiment, so long tolerated m this country, 
that education might prove hurtful to the masses of society, and 
unfit them for their ordinary oecupationSj has long since either died 
a natural duath, or, if not dead, is conttnt to hide its diraiDisbed head 
in some un visited corner of the laud. Nevertheless it La not alto- 
gether a settled point what kind of education should be provided for 
the public. Some simple-miuded people limit their notion of eduea* 
tion to the humble acquirements of reading and writing j and persons 
of this stamp are often heard to express their surprise when they 
discover that a large portion of our criminal population are masters 
of these accomphshments. Beading and writing are but the instni* 
ments by which education is acquired. And it has been a strange 
oversight that so much pains have been bestowed in providing our 
population with the instruments of eduea tion, while so few have 
taken thought to put within their reach the books from which the 
knowledge yearned after could he reached* To supply in part this 
want is the great purpose of our present undertaking ; and if those 
who express their surprise that there are among public criminals 
persons who can read and write, would extend their ideas of educa- 
tion to what includes some acquired knowledge of God, of Man, and 
of Nature, they would confess that crimes are seldom committed by 
pound- mindt'd and educated people. 
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"We have asserted that reading and writing are not edaoation, but 
rather the instruments by which knowledge is to be acquired. It 
must be admitted, however, that some limitation may be required to 
this sentiment; since it might be contended that reading and writing 
stand, in some measure, on the same footing as the several branches 
of what has been termed " industrial education." But although 
industrial education, in its special sense, signifies merely that sort of 
training by which a person may be rendered more apt to learn the 
kind of occupation which is to bo his calling throughout life, and 
more capable of attaining excellence in it ; yet such an education has 
an additional influence in developing the faculties, both intellectual 
a.nd moral, far beyond what the mere accomplishments of reading 
and writing can produce. 

Important as industrial education is, for the simple purpose of 
aiding the development of. industry, we must never lose sight of its 
subsidiary effect in exalting the intellectual and moral character of 
the individual ; nor is it to be doubted that the very best effects may 
be anticipated from mingling in all schemes of industrial education 
such studies as belong to Physiology and Psychology, together with 
those of a directly industrial character, in order to secure a more 
immediate influence upon the moral character. 

There can be no doubt that it is possible so to direct industrial 
education as to destroy much of the benefit which it is capable of 
conferring. There is nothing in the study of abstract science and 
physical knowledge which should withdraw the mind from an. ac- 
knowledgment of the existence of the Spiritual in the economy of 
nature. But there is. a mode of -studying these subjects which makes 
the properties, and laws of matter terminate too much in themselves, 
without suflScient reference to the power of the Infinite Intelli- 
gence by which they are maintained and supported. 

In all systems of industrial education it should be a first principle 
that the power which operates in the workings of nature should stand 
forth acknowledged as the Power op God ; and that man's power 
of thinking should be confessed as being the foundation of all that 
his mere senses seem to have discovered of the course of nature. ' 

The term observation is likely to mislead the unwary, who are so 
often told that all human advancement depends upon observation 
that they are apt to forget that observation may serve to perpetuate 
error as readily as to advance truth. They lose sight of the essential 
maxim that it is instructed observation that at once discards error 
and establishes truth. It is indeed difficult for an enthusiastic stu- 
dent, amid the profusion of knowledge now set before him, not to 
believe that all that is necessary to enable an unprejudiced person to 
understand the order and course of nature, is simply to open his eyes 
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and look around him. It is, then, an instnictiTO lefison for him to 
difleover that, hy the same exercise of the senses wLlch seems at 
once to have Isiid open the aecrets of the universe, all those phjmtoms, 
which for bo many centuries deluded the human miadj took their 
ori;ria. 

"What we here desire to insist npon is, the paramount iofiuence of 
the state of roan's spiritual development at any one time upon his 
capability of appreheodiiig the economy of uatiirej with regard to the 
axiom — that the study of the agency by which knowlcd|];e is acquired 
should never be severed from the study of the things which are made 
the objects of knowledge. 

It is a common idea that the rapid progress of modern sdence has 
arisen entirely from a dili^nt um of the senses, in obedience to the ' 
precepts of the Baconian Philosophy;* The viist progress of human 
thought, previous to the possibility of this advantageous use of the 
senses, is too often altogether overlooked. Thus sense is exalted afe i 
the expense of the higher faculties of the mind^ and the conclusion 
arrived at, that the education of the sentient part of our nature is all 
in alL How erroneotis is this idea, will at once appear from the 
briefest retrospect of the history of mun'^^ progresi^s. In man's rudest 
state there is no want of what passers for knowledge; and his mind ' 
is eo far from being hairen in that stage of progress, or his memory i 
destitute of ideas, that he positively bends under the burden of his 
thoughts and recollections^ Nevertheless, the greater part of this 
profusion of uppareut knowledge with which his mind is filled m en- 
tirely false. In a somewhat later stage of progress, this early mass j 
of deluMon is represented by the more refined but equally worthless 
products of sorcery, magic, witchcraft, divination^ and astrology. 

When we look to the history of man in the first rude agesj we \ 
discover an appalling aifiount of delusion, which we admit has arisen, 
from this tendency to account for what he sees ; bvit, side by side ' 
with this heap of rubbish j we find surprising proofs of the exactness 
with which he has gathered up such laws of nature as are niostj 
essential to his every-day well-being. It is when the phenomena] 
are of rarer occurrence, or when they are complex, or when they ] 
seldom arise under exactly the same form, that he falls into error. 
On the contrary, when phenomena come fre<][Uently under his notieCt i 
if he has erred at first, he commonly obtains the means of rectifying , 
Lis error. As soon as he discovers distinctly that the succession is 
not invariable, he ceases to regard tbe two events aa standing in the 
relation ofcansc and cflfect. 

It would be i^asy, then, to show that no just reproach can be 
thrown againal this principle of man's mental constitution. AH thnt 
he knowB of cause and effect he has acctnired by a reliance on thiti i 
5 ^ 
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part of his iiienkl endownieotB ; and we may justly remark th \t, in 
-tb<3 early stages of hm progress, he must haie been led to expect, 
^through this principle, the discovery of tliiDgH placed beyond his 
*reach, owing to the great success with which he had applied the 
iainc to the acquisition of knowledge tit for the supply of his every- 
lliay wants, 

^ Astrology, divioation, sorcery, witchcraft, and magic, arc all pur^ 

fiuits sieckiog to attain a knowledge and power forbidden to man. To 

llthese puTjJuits^ doubtleas, h(* wua led by this belief, that when two 

|t«venta stand in immediate succession, the first i^ the canpc of ihe 

pecond. By these t^tinlles he Bonght an unattainiLble knowledge of 

ithe future, and an iin tit tain able power over the future ; he was dealing 

[•with obscure phenomena; he coald not readily discover the te«t 

[rfifforded by a distinct failure in the snceesaion ; and hence fhepe 

* subjects grew to the extent in which history exhibits them. But, 
[? during oil that while, ibo knowledge of real causes and real elfects 
[.was accumulating ; and as thi^ real knowledge BucceEsively laid open 
[)the true order iind course of nature, the supposed means of gaining 

I knowledge and power, as res pec tn the future, began to decline, 
t What we contend fo* is, the necessity of directing education to 
■ 5 the knowledge of tha workings of the human mind, as well aa to the 

• Btudy of the laws of nature. This we must repeat in season and out 
liof season 5 and we think we have just i-hown, by a snCficient detail 
I* of facts, that nian'a knowledge of the course of nature ia correct only 
I in 80 far as he understands the real ihiiracter of that intellijErent 
|, agency, his own mind^ by which alone, upon earthy the operations of 

nature are f[Lthomed. 

It is a great error to attempt to reduce popular education to a low 
. standard. The power of thinking, niid even of thinking deeply, 
naturally belongs to all sound ^raiuded men. It is the complexity 
of many subjcDts of knowledge that have risen np among men which 
creates the chief difficulty in popular education ; and that difficulty 
is, above all, aggravated by the technicalities of words and symbols, 
which have been perhaps unnecessarily affected, particularly by those 
who ridicule the idea of popular education ia the profoundcr parts 
of knowledge. It is quite true that acceaa to the most profound and 
exact parts of Physical Science can only be obtained through the 
; abstruse mcana of mathematical iovestigation. But there is no room 
.for despair. Although it ia impossible, without the apphcation of 
more time and labour than can be spared by the busy world, to gjdn 
a practical acquaiotance with the profound means of mathematical 
investigation, it is within the reach of every one to gain tolerably 
juflfc ideas of the nature of those powerful instruments of research. 
All mathematical truth i-ests, aa we have seeUj on intuitive principles 
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of the human itimd, indepeudentlj of all experienoEjj and hy ap- 
prna^jlunjr MuthL^inatTca on this alde^ that is, by eonsiilering the funda- 
mcnial principles of Mutbeoiatica ia iheir logical form, not only arc 
the mental fucalrjes enlarged and expanded, but the want of an inti- 
mate knowledge of its detaila iSj in no slight degree, suppUed to the 
student of the general economy of nature* To present the vanoua 
deprimentfl of Mathematics ia what may be termed their metaphy- 
sical form, should be an object with all those c oncer oed in deviling 
the means of placing an enlarged education within the reach of the 
public. It ia not to be wished that men engnged in active pursuits 
should immerse themselves in the deep cultivation of modern mathe- 
miiticF. Geo me try J "in the prosecution of which every step is made 
clear to the mind, cannot but serve to expand the faculties ; but the 
higher departments of Mathematics render the operator too much of 
a machine, and, unless when the miod ia happily constitutedj are 
very apt to spoil the faculties for use lu the ordinary eoneeras of life. 
Opinioms and Principles* — At the commencement of an under- 
taking which involves so wide a range of diBCussion, it is incumbent 
upon us to make a profession of the rule by which we are to be 
governed on all those occasions when, in the capacity of instructors, 
we have to enter upon certain momentous questions that cauaot bo 
belter indic*ated than as faning under the heads of opinions and 

PRINCIPLES. 

Our paramount rule will be the love of truth. We repudiate tho 
materialiam which at present coDtaminates so much of our popular 
literature on subjects of science. We shall endeavour to show how 
groundless — how unphilofopbjcal — are such views of the economy of 
the universe. We shall take pains, as often as an opportunity 
occurs, to make it clear to our readers that the faculties of the 
human mind are quahfied to discover something greater than mere 
law in the economy of nature. We do not fear to promise that 
the pr*iof of the operation and superintendence of an INFINITE 
A?*D Personal Intelligence will be as completely exhibited aa 
iha; of the existence of any of the laws of nature which man haa 
discovered. 

We shall, on all proper oceasions, combat the erroneous notion, 
now so generally inculcated, that the discovery of a kw includes all 
that the human mind can derive from tho contemplation of natiire* 
We kuow how plau^iible this notion may be made to appear; and 
how fasciuuting it is to think iLat all the complex operations of 
nature can be reduced within the limits of a few general laws. But 
we kiuiw also how mrmy are deceived into the belief that such an 
explanation of the phenomena u mtisfactory to the human mind, aft 
including ail wbich^ by its constimtion, it desires in the search into 
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nfttuTd, But do the populnr wrifcrs wlio Imvc afl<ipt^<i tljosG views 
tell their di:?eiples thnfc thb gpedous ftptem of biw is designed to 
supersodo all idea of caust'^all idea of efficiency — all itiea of power 
—all idea of an overruliog Intelligence 7 It will be ensy to bHow that 
such is the case, tiQtwithBtaading that scmie may protest thatj while 
they insist upon the univerBiility of law^ they never fail to profess 
their helief in an Omnipotent Creator. We tidniit that it i^ so; but 
wc say that it requires l>ut small penetration to bcc that their logic 
leaves no room for that Goi> in whom thdr lips alone profess a 
belief. 

Furthefj wc affirm^ and challenge con t rn diet ion ^ that the groat apostle 
of such viewSj from whose works the ideas and reasonings of these 
writefi^ are chiefly drawn, makes no siieh limitation in his doctrines j 
but, on the contraryj ho explicitly declares that the age of theology 
in hutnun science is gooe by — meaninirj by that expression, that the 
doctrine of universal law has superseded the idea of a Creator. 

We know that some persons eheri^-h the notion that the light of 
nature cannot carry men to the knowledge of GoD. We will not, 
howevorj enter into debate on this point at present; we will only 
remind those to whom our argument may suggest this sentiment, 
that what we are contending aguiust is altogether different—nnmely, 
the proposition latent in many popular treatises, that human scienco 
13 positively adverse to the belief in a Supreme Intelligence. 

It would not Burpriae us if many of thoae who have become fasci- 
nated mih the apparent simplicity of that philosophy which insists 
upon tho universaUty of law, should persuade themselves that we are 
misrepresenting their favourite system. They have not discovered 
that the system involves the denial of an intelligent and infinite 
FiftST Cause. We have already reminded them that the great 
modern apostle of the doctrines to which they listen with so much 
Eatisfaetion expressly says, however seldom the impious words may 
have been allowed to reach their ears, that philosophy finds no place 
for God in nature. This philosopher is a most dangerous logician* 
It is not in his rcasomng that flaws are discoverable} it is in his first 
principle.Sj'^^and these first priuciples arc exactly those which they 
have been seduced to think favourably of. Let them not forget that 
a rigid logic brings out falsehood as certainly as truth, if the princi- 
ples be false. Among these fii^st pTiuciples, all the victims of this 
system of universal law, we have no doubtj are well familiarized with 
that which enunciates thai, between any two events in nature reputed 
to stand to each other in the relation of cause and effect^ there is no 
link discovera^hle except invaririble setjueuce ] or that nothing 
eau be known of their connection, except that tho one is 
the ftntecedeut of the other -^ the second the uniform consequent i 
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the first. Jt follows from this proposition, when atated as above, 
without any fiuiilifieatioD, that the term *^ cause" is superflaoua in 
reference to tho ciiangess whiok take place in the economy of nature. 
Authors who have adopted auch views, still employ the terra caus^ ; 
hut when we exaniiQe the use they make of that tenuj we find it to 
be exactly sjDonjmons with law. For example, if the question bo 
asked what is the cause of the curvilinear path of the plane ts, and 
the answer is, that the attraction of the sun draws tbem from the 
straight Imej the cause here assigned is manifestly nothing more than 

a reference to the law of gravi- 
tation. The question would 
© have been answered in exactly 
equivalent terms, if it had 
been saidj by the law of gravi- 
tation, two bodies moving oth- 
erwise than in the samestraight 
line deflect each other into a 
curvilinear orbit ; and if the 
one be much inferior to the 
other in mawoitude, the less will circulate around the greater. If, 
then J there be no case, in the whole of nature, in which j when a 
change takes place j anything more can be discovered than that an 
invariable antecedent has been succeeded by an invariable consequent, 
there is no case in which the term cmtse is applicable in any other 
sense than as expressive of the law under which the change in ques- 
tion falls, if such a law has been discovered. And if no law including 
the change has been discovered, then no cause can be assigned beyond 
the affirmation that such and such a phcnomeuau has been invariably 
observed to succeed another phenomenon ; that is to say, as a par- 
ticular instance of an undiscovered law. If, then, man can discover 
nothing but law in nature, there is no separate sense for the term 
cause ; and if there is no room for the term can Re, then there is no 
known instance of the evercise of power. And if man be incapable 
of discovering the exercbe of power in the universe, then he is inca- 
pable of discovering the hand of God; for what is God in nature 
but Infinite, Intelligent Power ? Such is the logical cooclu- 
si on from the unqualified statement that nothing is discoverable by 
man J in the investigation of the operations of nature, hut a mere 
sequeuce of phenomeoa. 

But to this proposition we maintain that an important addition is 
indispensable, Man cannot, indeed, discover anything but invsiriable 
sequence in the phenomena of nnturc ; but he never sees two phe- 
nomena thus succeed each other in invariable sequence, without an 
involuntary acknowledgment than nn exercise of power has taken 
5» 
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place. This is the addition required to the doctrine of law in phy- 
sical science; and this feeling of the exercise of power, as often as a 
change is seen to take place in the universe, is easily proved to be 
the light of nature, at every moment suggesting to men's minds the 
presence of Omnipotence. 

This point admits of easy illustration. That our earth was once 
destitute of every living thing, plant, or animal on its surface^ admits 
of the clearest evidence. At a period, how distant from onr time is 
immaterial, the earth became stocked with plants and animals. 
Here, then, are two states of our planet to be compared together in 
reference to the signal change implied in the proposition. 

We clearly understand that the crust of the earth may at one time 
have been in a liquid state, owing to the high temperature then pre- 
vailing at the surface. Hence all the existing water, tind all the 
volatile chemical compounds, such as the carbonic acid, now so abun- 
dantly known in combination with lime, magnesia, and other earths 
and metallic oxides, would, at that time, form a part of the atmo- 
sphere. But by the simple familiar process of cooling, that crust, 
in the course of ages, would become solidified ; the water, along with 
the less volatile bodies, would descend to the surface, and, dissolving 
the soluble substances with which it came in contact, would create in 
them new arrangements, from which the present character of many 
parts of the crust of the earth would be derived. In such changes 
nothing is apparent but the activity of laws and properties known to 
belong at this moment to the Mineral Kingdom. 

But although it be now known, from the evidence of chemical 
analysis, that all the members of the Animal and Vegetable King- 
doms are entirely composed of materials to be met with in the cmst 
of the earth, never has any one property of mineral matter come to 
light, from which it could be justly conjectured that there is any 
natural tendency, in the mineral substances composing organic 
bodies, to pass from the mineral state into any forms of organisa- 
tion, however simple. Here observation is completely at fault. No 
fact exists to form the very embryo of an induction. The doctrine 
of equivocal generation held its ground, only while uninvestigated; 
and the alleged results of the experiments of Mr. Crosse, which, if 
correct, would have been so easily authenticated, are believed by 
nobody but the credulous and partially instructed. To say that we 
are entitled to assume that the germs of the organic bodies exist in 
the minerals of the earth, is to revert to the philosophy of the an- 
cients — to throw aside the precepts of Bacon — to forget that induc- 
tion consists in first discovering facts, and then principles. If it be 
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sulci Ibat this is Tiiercilj an byp^tuceb brouglit forward to stimulate 
inquiry, we firaply reply that an bypothesis whick has not tbe 
ebadow of a fact in its favour is no better thaa an idle dream. 

We mam tain J then, that the contemplation nf the transition of 
the earth, from a state destitute of living tbiogs to one teeming with 
life, forces upon the human miud, by its Yory constitution, the con- 
Tiction that iTi that va^t cbangej so irreeoncileable with the ordioarj 
properties of the mineral matter out of which the organic world has 
arisen, there has beeti an exercise of Power— that is, of a Personal 
Intelligence — com me us urate with the wonders of the work which 
has been accomplished. 

The philosophy, then, to which we shall uniformly conform i 
throughtmt our undertaking is oafeily understood. We set out with 
tbe belief that thtre are other truths within man'ji reach bcBides ' 
those determined by observation. There are, in the first place, cer- 
taio necessary truths, wbieh, independently of all observation and 
esperieneej man, by the very constituent of his nature, must believe. 
Of these some are Jntuitive^ and olhers established by reasoning ^ 
baek to the intuitive truths. The conviction in each individual of 
his personal identity , and of the reality of all acts of conscious nesa, 
are iatuitive necessary truths ^ — also such propositions as that, when 
equals are taken from equals, erjUEils remain ^ that things which are 
equal to the same are equal to one another j that things which are 
doubles or halves of the same^ are equal to one another j that twice 
four are eight } and that when two are taken from four two remain. 
All Mathematical demonstrations are necessary truths, not intuitive, 
but resting upon intuitive necessary truths, being established by 
reasoning hack to such truths ] for example, that the angle in a semi- 
circle is a right angle, and that two tangents to a circle drawn ia 
opposite dir^jctions ftxiiii the same point are equal 

There are also intuitive truths which are not necessary truths, — I 
that is, intuitive truths, the opposite of which, or a greater or lesa 
deviation from which, doei not involve a contradiction. The in- 
tuitive truths which are not necessary truths, are such convictions as 
the belief in an external world, and in the free agency of self j th© 
feeling that every event has a cause ^ and that tberu is an exercise 
of power whenever a natural event takes place. There are also 
truths obtained by reasoning -back to those intuitive truths. For 
example, by reasouiug back to the two truths thiit every event h^iS a 
cause, and that an exercise of power is felt to have occurred when- 
ever a mitural event takes place, we obtain the cLmclussion, as sooa as 
we can ct^inbine with these the observation of the infinite extent of 
the universe^ that there is an Infinite Omnifotext Cause* 
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Such truths we regard as the first principles on which the eaper- 
Btructurc of man's knowledge rests. When this acknowledgment is 
made, we may embark on the wide ocean of physical investigation, 
without fear of reaching those impious conclusions to which we have 
above referred. 

When we add, that every proper occasion will be seized to develope 
the true grounds on which Teleology rests, without at all infringing 
upon the precepts of Bacon with regard to the possible abuse of &ii3 
causes in philosophical investigations, we think we have sufficiently 
indicated the character which this work will sustain as respects 
Opinions and Principles. 



THE PHYSIOLOGY 



ANIMAL AND VEGETABLE LIEE. 
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Order in PhpiolDgy* — The Phjsiology of Anfmal and Yego- 
table Life, being a subject of grea.t estcDtj must be methodically ' 
treated; and firafc^ it is necessary to deterznine wlmt principle of 
nrningement is to be adopted ^ in order to exhibit, id a coonected 
form, the complete phencunena of tliese kinds of existence. There i 
are several raode^ in which such phenoraena haye been methodized; 
and it will be convenient briefly to consider some uf theae, as exhibit- i 
ing a general view of the whole subject. 

The phenonicoa of animal and vegetable life may be described aa 
Mechanical Phennmenaj Chemical Fhenomena^ Klectrical Phenomena, 
and the peculiar Phenomena of Excitability — the fim three orders 
being common to all departments of nature. A great part of many i 
of the most imporUnt actions of the perfect animal body arc purely 
mechanical or purely ehemicalj or partly chemical or partly mechani-J 
eal ; while such actions are, in their reniaiTjing part, the result of i 
peculiar excitability. In the circulation of the bloody for example, ' 
in man, and in the animal:^ resembling man,4he blood is "^propelled ^ 
Qnward.i by mechanical forces, while thene mechanical forces am I 
called into activity in obedience to the laws of excitability. In the 
function of respiration the air enter.'? the lungs in eonforniiJy with the 
laws of that part of mechanical science termed Pneumatics. The 
chijnge which tho blood undergoes by the contact of this air is m\ 
chemical change, or a change closely analogous to a chemical change | | 
while these Ijjws of pneumatics, and the chemical laws, are brought ' 
into opera til in by the agency of an organic excitability. The fluids 
contained in ths loaves of plants in contact with atnioispheric air, by 
the influence of lightj uadcrgo a chetnical change, or a change exactly 

(57) 
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analogous to a chemical chango ; while the leaf presents its upper 
surface to the light, under the direction of a peculiar excitability. 

Excitability, however, can hardly be defined; and in the present 
state of physiology it is more a negative than a positive term. All 
the properties of an organic tissue, whether from the animal or from 
the vegetable kingdom, which are neither mechanical nor chemioal, 
fall under excitability. Thus, excitability is that which renders 
animal and vegetable tissues susceptible of certain phenomena, differ- 
ent from the phenomena produced by the same causes on inert 
matter. For example, with inert matter, the form and textures of a 
leaf may be exactly imitated; but such an artificial leaf will be 
destitute of the susceptibility to turn towards the light in sunshine. 

Under these several heads all the phenomena of plants and ani- 
mals might probably be arranged ; but the arangement would be far 
from convenient. 

It belongs to the arrangement of the phenomena of organic life to 
point out what distinction exists between an organic body and inert 
matter; and the extreme divisibility of inert matter supplies the 
readiest ground of distinction. The divisibility of inert matter is 
either infinite, or, at least, such that no limit can be assigned to it— - 
the minutest portion still retaining all the properties of the original 
mass. An organic body, on the contrary, is destroyed by division. 
Again, it seems a universal law, that living bodies alone can give 
origin to other living beings, either by a partial division of them- 
selves, or by the process of generation ; whereas the origin of inor- 
ganic substances is always quite independent of any pre-existing 
substance of a similar kind. Finally, the actions of organic sub- 
stances, having attained their acme of intensity, gradually decay, and 
at length, from causes which arc inherent in each individual, ceaict 
altogether, when the substance becomes at once amenable to the 
operations of merely chemical and mechanical agents. Such is not 
the case, however, with inorganic substances, which maintain the 
same state unalterably, and for any length of time, provided no 
external agents are brought to operate upon them. 

But, from the very earliest times, it has been perceived that a 
kind of agreement exists between plants and animals; and that, in 
certain respects, both possess a common nature. In the fifth cen- 
tury before the Christian era, JDmpedocles taught that seeds are the 
true eggs of plants; and that plants, like animals, exhibit difference 
of sex, and a degree of sensibility. Setting out with the idea of 
this common nature of plunts and animals, philosophers naturally 
next sought to discover some prominent mark of distinction between 
the two kinds of organic existence. Since the time of Aristotle, in 
the fourth century before the Christian era, the search after guoh a 
distinction has been often renewed ; yet, strange to say, almost every 
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distiuctioTj hitherto fixed upon, though sufficiently t/bvlous when con* 
fined to the higher orders nf plants and animals, huH bec^a found to 
fail Tvht^n applied t> di&crimioiite those organic beiogs Ijing on the 
confines of the two kingdoma. The distiuetion pointed out hj Aris- 
totle has been revived in recimt times, thongh hardly with the 
expected succcaa- This distinction proceeda on the ground that ani- 
mala receive their nutriment into an intenml cavity before it iis 
absorbed into the substaoce of the body ; that plants, on the contraryj 
ah sorb t h eir n on ri s h n i e n t by the externa 1 su rfri ce. An i m » Is j in s hort, 
have a mouth and storanchj while plants feed by the spongiolcs of 
their radicles^ and by their leaves. 

While this diafitititiou to a very grt^at extant holds good, it cannot 
be affirmed that it has Bupplicd an adequate test in rloubtful cases. 

Tl)e most recent tef;t suggested for distinguishing Tivhether an 
organic existence of d^mbtfnl a^pt^ct belonga to the vegetable or to 
the animal hingdom, ia of a chemical chariicter. Starch is a con- 
Btituent of vegetable tiiSHues j and by the blue colour which iodine 
imparts to etarch, even when present in the most miunte proportion, 
it can be detected^ wherever it e^aiiSts, with the great-est facility. This 
substance, starch, thco, being supposed not to exii^t in the animal 
kingdom, promised to solve the long-atndied problem, or, at least, to 
be the only te^t of distinction whieh, no til very lately, conld hold its 
ground ; bnt the recent renearches nf some German phyj^iologists 
have demonstrated the existence of pnrticles of an amylaceous nature 
in some of the lower animyls; and even in the braiu and spinal 
cord of man a subi^tance, termed ecUuloaej hitherto prcanmed to be 
proper to vegetables, has been discovered. 

It is not to be concluded, however, bectm.se so great a difircuUy 
ofltirt-s in discriminating fron* each other Iboeo plants and animals 
which stand on the confines of the two kingdoms, that the laws 
governing the vegetable economy are identical with those governing 
the animal economy. 

On this important point, we will cite the following passage from 
the recent work of one of the most distinguished of living physiolo- 
gists (VaitrHlifis ^^i/^ofo(/i/j by Brintou) : — 

" The constant physical and chemical changes which fit company 
life depend upon various exehangcsj which are produced by the work 
of the different part^ of the body — the extrusion of vrhut itj useless ; 
the assimilation of what is received; and tho restonition of tSie 
organs, by which all these operations are effected. The whole of the 
vetjetahk or i/eneral orfjanie funcilons on which nutrition and gene- 
ration depend, are repeated in every liviiig body. It has often been 
iruppoacd that all their particulitrs correspond in the two organic 
kingdoms; that there ia a digestion, a respirationj a perspiration^ and 
an eicretit.m, in plants as well as animals. 13ut a more accurate 
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&xarai nation teaches that tbis is not the caja. Vegetables posseas 
no ti?suea wliieli iillow of tbe mme kind of nutritive absHorptiou, of 
diBtiibtttion of Jtiicesj or of Becretion, tliat we nieet witb in, at least, 
the bighcr n^immls. They have no large cavities in ubicli consider* 
able quantitioa of food can be collected and dissolved bj specinl fluid 
Bccretions. They posseas no point midway in the movomcnt of their 
juices, and no mechanism, otbor than that of a casual and secondary 
apparatus for the inhaustion or the expulsion of the respiratory gases* 
They ore devoid of the changeable epithelial coverings, which play 
an important part in many of the animal excretory organs* In ond 
word,^ the geneml orgimic fnnctimis are introdueed into the two 
living kingdoms of Dature, and probably into their enbordinate dlvi- 
gionfi, by two different ways. This difference leads at once to the 
conclusion, that the structure of the animal is not a simple repetition 
of that of the plant, with the addition of a series of new apparatus. 
The nature of the tissues, the mode of their actions and change 
form, division, and destiny of the organs — all these rather teach ut] 
that animals of any development are eonstructed upon an altogether, 
different plan." 

Whatever in the above quotation may appear obscure to those 
whom physiological ideas are new, will be cleared up, we trust, h 
■what we are about to say on the prominent distinctions between thos* 
organic existences which are unequivocally animals, and those which 
are unequivocally plants, with reference to a basis for the arrange- 
ment of the phenomena of vegetable and animal life* 

In physiology I the term function is of continual occurrence. What, 
then, does function signify If Function is the use of a part or organ. 
The function of the eye is sight j that of the ear, hearing j that of 
the luogs, the purification of the blood by ventilation; that of the 
etomacb, digestion ; that of the livorj to secrete bile. In plants- — 
that of the spongioles of tiie radicles, to absorb from the soil ; that 
of the leaves, to decompose the carbonic acid of the atmospherCj so 
as to appropriate the carbon for the uses of the plant j that uf the 
autber, to impregnate the ovule^ by means of its secretionj the pollen ; 
that of the ovary, to mature the ovule into a seed. 

As the functions m all the higher animals and the higher plants 
are numerous, there is room for method in the arrangement of them. 
Various methods have been suggested; and, in accordance with some 
one or other of these arrangements, it has been common to methodize 
the varioua topics belonging to physiology. 

The kinds of function common to plants and animals, are properly 
termed vegetative functions— the same which are called vegetable o* 
general organic functions in the quotation from Valentin. The kindi 
of function, not ao obviously possessed by plants, so as to aeem peei 
liar to animalsj are named the animal functiouij. 
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Tbe TcgEtatire functioTis are the functions of malnlenai cg ; the 
OTiiinal futrction^ are tbe rcLitivc function ^^ or the functions of rola^ 
tioa. Tbe vegetative fuDc- 

tioDS end in the orgsinisni Fio, 22. 

of the indiviclunl, or, at " o <t b e 

mo&t^ in the organism of .^ \ ^ i / 

the species; tbe functions 
of relation establish rela- 
tions between the animal 
and the world without. 

If we follow the food, 
in one of the higher ani- 
xnab, from the mouth to 
its incorporation with the 
previously existing tbsueB 
of the hodjj the waste of 
which it is its office to 
supplj, wc shall discover 
what are the more imme- 
diate vegetative functions 
— tbe eame which, by 
other names J are known 
as the fuDctions of main- 
tenance j the functions of 
nutrition ; the as3?imilative 
fonctionsj or functioos of 
assimilation ; and tbe func- 
tions of organic life. 

The food — let it bo a 
piece of meat, or brt-ad — 
is reduced to a pulp by the 
movements of the teeth, 
and the admisture of the 
Bali vaj secreted by tbe s^ili- 
vary glands ; it is then 
swallowed by a somewh^it complex muscular action. It is moved 
about in the stomach by the contraction of its muscular fibres j and, 
being mixed with the gastric juiee^ a peculiar fluid secreted by the 
lining membrane of the stomacbj it pnsses into chyme t this chyma 
is then J in succeissive portions, transmit ted, by maseular contraction, 
into the highest part of the intcEJiioal tube, termed the duo<3enum, 
which is a hind of second stnmaeb, where tbe pnrtinliy assimilated 
fwd is first mixed with the bile» and then with the sccrc}tion derived 
froru the sweetbread, or pancreas. The masfi ia now ready to aflford 
chyle, the immediiUe nouriabmcnt of the bloodj to the absorbent 
6 
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vessels, termed lacteal^, the extremittea Df ^hich abut an the liDitig 
iiiembriiDeof fhe lHgh(»r pwrts of the intei&tinal tube, wbile tlie residue 
is sent downwards by what is terined the peristal tio action of the 
tube, for cvncuatinn. The chyle, taken up on a very wonderful pka 
by tho lacteal tuhe^, \s tra&iituitted through the singabr sinali organs 
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Og tboracic duet reHssiTiD^ iniAml tubes from i^ 
the lotcatlue; c^ eortsu 

termed the mesenterio glands^ whence^ 
Dfter important changes, it is again col- 
lected bj what are uaniDd the efferent 
lacteal tubes ; these by degrees unite 
together into a trunk, which joiaa the 
lymphathic vessels coming from the 
l3^ pelvis and the lower parU of the hody, 

to form the thoracic duct a, commencing 
in the abdomen, dividing opposite the 
middle of the dorsal vertebrae into two 
tai cOTMi Airo THuni^ATioir op Taa branches^ which soon reunite, passing 
s,r »^T"X'"pl'r«..«, bpl'i'^d tbe arch of the aorta and .ubcla- 
lu. the greater Ten* aiyptKi, sa vian artery, and making its turn at &, 
Siii"^?'^''^"^°''''''*''''''^^^ere it receives severDl lymphatic 
trunks, terminates at the point of junc- 
tion of the internal jugular and subclavian veins on the left side of 
the neck, and into which it pours it^ contents. The chyle, being 
thus mixed with the venous bloody is carried with it to the right Bide 




ASSIMILATIVK OR HANS. 



m 



of tliG lieart ; and, by the motinn nf the heart, is tbornnghlj tnmgled 
with tbat blood; froui the right Bide of the heart the blood , rein* 
forced by the chyle, is tr^iJisiniUed to tbe langs, where, by exposure 
to tbe air, tbe venous blood is converted into arterial; the arterial 
bloodj so rendered fit for tbe nutrition of the body, being sent forth 
from li(C ]eft side of the heart, is conveyed by the aorta, the great 
orteriJil trunk, and its bnincbes, to the eapillary blood- vessels, wbicli 
pervade all tbe sensible parts of the body. From these capillary 
blood- ves^fiol El, the several component textures of the living frame 
attraet the new matter^ of ivhieh they stand in need ; while that 
which ia already rcduecd to the state of debris, re-enters the blood 
of tbe capillary system, and returns with tbe blood, now becorao 
Ten 0110, to the right side of the heart. The bloody having become 
iojpurc by the admixture of the debris of the tissues^ and from other 
causes, is purified partly by the lungfs, by which a superfluity of 
carbon is thrown off, while, by the slow combustion which it sustains, 
an i rani heat is develnpcd ; and partly by tbe kidney, of which last 
organ the particular office plainly is to keep tbe blood free from the 
various chemical products generated during the successive decompo- 
Bitions which the textures and their fir^t debris undergo. 

Such m a rapid sketch of the functions named vegetative in the 
higher animals, while it indicates the order in which each comes into 
operation. This sketch alMO indicates why the epithets nutritive aud 
assimilative, often applied to this order of functions, are not inappro- 
priate; assimilative signifying the making a thing to hoof like kind, 
and bearing reference to the object of these functions being to con- 
vert tbe aliment into a like substance with the body. Thence it 
appears, also, that the epithet vegetative is rightly applied to thia 
order of functions ; because all tbe obvious functions of plants have 
the same object, namely, the conversion of their aliments, such aa ' 
water, carbonic acid, and ammonia, into the vegetable texture. Even 
in popular language, a person is said to vegetate when he does nothing 
to withdraw himself from the category of those *^ fruges con sum ere 
nati/' — born to eat and drink. 

How inactive soever a person may be, while be vegetates be lives. 
It is by tbe exercise of the vegetative functions that life is preserved- 
As an order of functions they arc — some more directly, some less 
directly — necessary to life. Hence tbe vegetative functions are 
sometimes termed the vital functions. But the term vital, as applied 
to functions, having been used for ages in a restricted sense, should 
be wholly laid aside. By the older physiologists the term vital waa 
confined to those functions, the uninterrupted exercise of which la 
indispcn,sable to the life of the higher animals; UBmulyj tbe circula- 
tion of the blond J the respiration, and that part of nervous action 
which is uece£8ary for the continuance of the cireuIutioQ nf the blood 
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and tlio respiration. It is undeniable tlmt these three functions are 
pre-emineutly vital. If any one of these is arrested, even for a very 
short period of time, the ot4)ers likewise cease, and immediate death 
is the consequence. Thus, there are three modes of death readily 
produced by accident, or disease, corresponding to the three so-called 
vit^l functions : death by the heart, death by the lungs^ and death 
by the brain. 

While, however, the remaining vegetative functions —^ Digestion, 
Secretion, and Excretion, according to the terms longest in use among 
physiologists — may be interrupted for a time without the logs of life 

— being not less necessary to life in the main than the three func- 
tions just referred to — they are fully entitled to the epithet vita], 
unless convenience altogether forbade the use of that term. 

The vegetative functions, then, are common to plants and animals, 
in so far as both plants and animals possess functions concerned in 
nutrition ; but the particular functions concerned in that process in 
plants do not exactly correspond to the special nutritive actions in 
animals. 

There is another order of functions common to plants and animals 

— namely, the functions of reproduction. These are commonly 
regarded as distinct from the vegetative functions; although, by 
talking a somewhat larger view of the term ** vegetative," they may 
be properly included under that name. Thus, if the vegetative 
functions — namely, the functions of nutrition or assimilation — be 
held to terminate in the individual, whether plant or animal, then 
there must be adopted a separate order of functions, under the name 
of reproductive. But if the larger, and, perhaps, more correct view, 
be made choice of, that each species is one whole in physiology, 
having a determinate duration, from the present individuals down to 
the last survivors, then the reproductive functions, as necessary to 
the life or continuance of the species, will fall under the same defi- 
nition as the functions of maintenance in general. According to 
this view, then, the vegetative functions in plants and animals are 
the functions during the activity of which the life, of a species 
continues. 

The non-vegetative functions are not essential to life ; they are 
present only when the actions of the organic being do not terminate 
in itself, or in its species. In man, such non-vegetative functions 
have their highest development. They are the functions by which 
relations are established between the individual and the world with- 
out. Such relations fall under the two heads of relations of know- 
ledge and relations of power, — in general terms, the functions of 
locomotion and of sense. The same functions in man may be de- 
scribed as the functions of consciousness, including sensation, thought, 
and volition. 
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To this ata tern cut it need only be added that the vegetative funo 
tions correspond to the futictjons of organic lifOj wbile the relative 
funetiona are identical with tko&e of aDimal life. 
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Such, then J is the ordinary general arrangement of the functions 
of animalsj founded on presumed differencea in their essential condi- 
tion — the first claaa, requiring for tbeir display only a general pro- 
perty com tn on to all living matter — the lattcr^some specific properties 
in addition. There is also another foundation for such an arrange- 
ment j in certain general ends^ to which more or fewer of the several 
functions — independently of the individua! end to whieb each is 
subservient — conjointly conduce. These general ends are three — 
the ultimate object of every function being either to preserve the 
individual in a state of life and health, to perpetuate iti Bpecies, or 
to maintain its relation with tbe external world. Of these, the first 
extend no further than the individual^ and have no ulterior end ; tbe 
second is exercised for tbe sake^ not of the individualj but of tbe 
race; and tbe third furnishes us with the only means which we 
possess of maintaining an intercourse with each other^ with Nature^ 
and with Nature's God. Their consideration is well calculated con- 
tinually to inculcate upon the mind the main purposes of our es.iat- 
ence as living and rational creatures; and to lead us toobservCj while 
investigating tbe pbenoniena of each function, the admirable adap- 
tation of the means to the object, not only individual^ but general, 
for which this function was appointed, and to which, in common with 
others, it conduceSj as subservient, directly or indirectly, to the great 
end of our being. 

We pass over tbe systematic arrangemenfB usually followed in 
studying tbe animal and vegetable existences, and which are co ra- 
ni only discussed In physiological works. Such subjects, in our 
CiHCLE OF THE SCIENCES, wili fall under the general divisions of 
Zoology and Botany, where they will be more fully explained than 
could he possible in a general treatise. We therefore at once pro- 
ceed to the consideration of 
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THE ULTIMATE AND PROXIMATE ELEMENTS OF ORGANIC BODIES. 

The chemical constitution of Organic Bodies is most readily under- 
stood by a reference te what have been named their Ultimate Ele- 
ments, and their Proximate Elemepts. The ultimate elements 
are all those substances found in organic matter which rank as simple 
bodies in modern chemistry; that is, bodies which have hitherto 
resisted all further analysis. In the whole of nature, chemists admit 
the existence of no more than sixty-three or sixty-four such simple 
bodies. Out of these sixty-three or sixty-four elementary sub- 
stances, seventeen exist in organic nature. 

The PROXIMATE elements are formed by the union of several 
of these ultimate elements. Most commonly three or four ultimate 
elements unite in large proportion, while a few others are present in 
very minute proportion. The proximate elements, in which there 
are three principal ultimate constituents, are termed ternary com- 
pounds; those containing four are called quaternary compounds. 
The ultimate elements, which enter in large proportion into the 
ternary and quaternary proximate elements of organic ■ nature, are 
the simple constituents of air and water — namely, oxygen, nitrogen, 
carbon, and hydrogen. As examples of the proximate elements 
formed out of these, united in different proportions, we may enume- 
rate albumen, well known under the form of white of egg, and 
caseine, the ^essential constituent of cheese — what, in short, makes 
up nearly the whole of well-pressed cheese made from skimmed 
milk ; also the starch extracted from the flour of wheat and sugar ; 
and lignine, which constitutes ninety-five per cent, of wood. 

As the proximate elements are made up of ultimate elements, so 
the solid textures and fluids of organic bodies are composed by the 
union of the proximate elements. By the union of textures, organs 
are formed; by the union of organs, the body itself is framed. 
Here, then, we obtain a mixed analysis of the organic frame, in part 
chemical, and in part mechanical. 

The modern idea of the organs being made up of textures, so that 
each might be conceived as being reducible to its ultimate mechanical 
elements, was a happy improvement on the ruder notion of ancient 
times, which represented the animal body as consisting of flesh, blood, 
bone, skin, hair, nail, gristle, sinew, nerve, brain, &c. What, then, 
is a texture ? This question is more easily answered by examples 
than by a definition. The muscular flesh — that is, the lean of beef 
or mutton — is the muscular texture or tissue; the substance of the 
brain and nerves is the nervous texture or tissue ; the connecting 
medium of the several organs of the body is the cellular tissue, 
called also the filamentous, or areolar tissue; and these three are the 
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bfs' distinguUhed tuxturts or ti;?.*uesi of the animal body. In the 
vegetable kingdom, the cellulnr tissue is ahiinst tbc only texture, 

Tbis kinJ of uitcljsniieiil analysis tlou^ ui*t toJmit of a Thpd es:act- 
Dcjjsg ; because it is otily in idea, for ibe luohiD p:irtj tbat the dceom- < 
p<>aJtion can be carried out to a coinplet^s iiKehaniual simplicity, 
iltsneej in a. pnictieitl puitit of view, we do not dotirie & texture Jis & 
gi III pie ^iiVxdj m if the next act of decmnpouiJciiDg would bring ua to i 
the proxinmte cbemicrJ eUmeiits coiitujrjcd iu it, bnt content ouj> 
selves with i^fiying, iti tbc plural nujiibi-r, that thii textures ^re the 
simpkr solids whii,h eLter mio the stjuomre of complete parts and 
orgaus. 

This general view being premised, wc must now look a little more 
narrowly — Istj into tbo nldm:Ue eleuierits; ^ndly, iota the proxi- 
njate eleirjentsj and, Srdly^ intit the coiupouent textures of orgamo 
bod i us. 

The ultimate elements are divisible into two orders : tboie which 
are at onec to Urger proportion and more constantly present; and 
tbose whieh, while they usually exiftt in snmll proportion, follow a 
more variable rule as to their proseoce or absence in the several 
textures. In the first order^ as btifore pointed to, stand Oxygen, 
Ilydrrigiin Csirbonj and A'ifrogen. la the second order we tjnd 
Chlorine^ Iodine, Bromine, Fluorine, Sulphur, Phosphorus, Potas- 
fiinnij Sodium J Calcium/Magnesiuinj yilieiumj Iron, and Manganese. 

In a third order, two or three simple bodies uiigbt be placed, 
which are met with accidentaily sdong with tlie proper element a of 
organic ma^tter. 

ULTIMAXE ELEMENTS OF TUE rmST ORDER, 

Oxyg'eiL — This chctnical elenientj ^vhen in the isolated state at 
common temperatures, exists in the form of a gas, with the propertiea 
of common atuiOFpheric air, which is indeed osygen gas tiiluted, and 
thereby rendered less energetic iti it^ effects, Uxygen gjis is eisen-* 
tial to the life of plants and animals ; but unless dilut^>d, it destroys 
both by its excessive stimulus. It supports the combustion of 
combustible bodies, such ai phosphorus, much more vividly than 
atmospheric air. In combination with other bodies^ oxygen exist^^ 
diffused extensively throughout the three kingdoms of nature. 
Besides nearly making a fourth part, hy weight, of the atmosphere, 
at constitutes eight-ninths of the whole weight of the waters of the 
globe, and not far from one-half of tbo weight of the common crust 
of the earth In the animal kingdomj it forms somethiug less 
than the fourth part of the weight of dried njuscnUr flesh, and 
one-half of the weight of lignine, which ^ as we have seen, is nearly 
identical with wood. There are, indeed, but few natural bodies at 
the earth ^a Burfuee which d^i not contain oxygen. These arc easily 
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enumerated, — the few bodies which exist in a simple form ; carbon 
as in the state of diamond ; sulphur in some of its states ; such metals 
as are found in the virgin state ; the combinations of metallic bodies 
with chlorine, iodine, and sulphur, — for example, the beds of rock- 
salt, and the sulphurets of iron, copper, and zinc. 

The process of combustion, in which oxygen plays so important a 
part, is not altogether foreign to the subject of Physiology. Com- 
bustion is a chemical action, in which the union of one body with 
another is attended with development of heat, and, under ordinal^ 
circumstances, with an evolution of light. When a bit of phospho- 
rus is introduced into a jar of pure oxygen gas at an elevated 
temperature, the phosphorus unites so rapidly with the oxygen, that 
yivid combustion is exhibited. What, then, is the source of the 
beat? To resort to the common explanation, the compound formed 
has a much less capacity for heat than the oxygen and phosphorus 
taken together; hence the excess becomes developed or sensible, 
having been before latent. Or, the explanation may as usefully be 
drawn from the rule, that when a body passes from a rarer to a 
denser state of aggregation, as from the gaseous to the liquid or the 
solid state, heat is uniformly evolved. In the case under considera- 
tion, the phosphorus, by uniting with the gaseous oxygen, rapidly 
condenses it into a solid, in which state the compound exists ; and 
so, in obedience to that rule, much heat is evolved. In most cases 
of combustion, the temperature of the combustible body mast be 
raised considerably above the common temperature of the atmosphere, 
by some means independently of the combustion ; but as soon as the 
union between the combustible and the supporter of combustion 
commences, as between the wick of a lamp charged with oil and the 
atmosphere, then new heat is developed. 

The product of the union of the two bodies in combustion is not 
always solid, as in the case of phosphorus and pure oxygen gas, 
more frequently the product is gaseous ; thus, when charcoal, a form 
of carbon, bums, whether in oxygen gas or in atmospheric air, the 
product is carbonic acid gas — the same gas which is continually dis- 
charged from the lungs of animals with the expired air. Neverthe- 
less, heat is evolved in this case, — the oxygen becoming considerably 
denser by the addition of the carbon. Of late, in the chemistry of 
the animal kingdom, the term combustion has been extended to 
include those processes of oxidation which take place slowly within 
the bodies of animals, accompanied by an evolution of heat; the 
distinctive name ercmacausis, or slow combustion, being employed 
in this sense. By this eremacausis, not only do the simpler forms 
of carbon within the animal body become changed by combination 
with oxygen into carbonic ucid, but the salts which contain a vege- 
table acid, as the acetates, the tartrates, and citrates, pass into carbon- 
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ai^s nf tliG Esaniti hu^c, just ha tha tartar of wine (tlie impure bitar- 
tratu of potusj?!)) i^ i:b^viged by a destructive Ueat into carbonate of 
pfjiaasaj so long koowDj ae deriTed from this source^ by the name of 
eiiU nf tartar- 

Nitrogen. — Nitrogen, like oxygen ^ exists^ at the ordinary tempa- 
ratiire of the earth'a surface, in the gaseous state, and posseases the 
common phyi^ieal proper ttes of atmospheric air. Unlike oxygen, 
howeverj it can support d either combtistlon nor life. It forms nearly 
four-fifths of the atmosphere by w eight j it exists but Pparingly in 
the mineral kingdom, and is not contained, like oxygen, in the 
common rocks of the crust of the earih. Its chief source in mineral 
nature, besides the iitmospiiere, is in two orders of salts, the nitrates 
and the salts having ammonia for their base. It exists also in the 
compound mineral inflummables, such as coal^ justly regarded as 
being of vcgeiahle origin. It cxLsts in both the organised kingdoms 
of nature, yet is much more extensively diffused in the animal than 
in the vegetable kingdom. Under the head of the nutrition of 
plants, nitrogen must come in for a large share of attention. 

Hydrogen. — Hydrogen is a gaseous body, and the lightest of 
known ponderable substances. The great source of hydrogen is the 
waters of the gSobe, of vthich it forms one-niuth part by weight. It 
does not exist in the rucks of the crust of the earth, unless in so 
far as thej^ contain wat^r. Combined with nitrogen, it is present in 
ammonia. It makes up about one^ixteonth part of the whole weight 
in the tissue of wood, and nearly the same in starch and sugar j and 
of dried mnBcnlar flesh it forma about one- thirteenth by weight. In 
such proportiojis, then^ does the hydrogen of water contribute to the 
substance of animal and vegetable ti^isues. 

Carbon* — At ordinary temperatures carbon is a solid body^ and 
its most familiar form is the charcoal of wood. Uncombined, it 
exists very sparingly in the mineral kingdom ; but combined with 
oxygen, in the form of carbonic acid gas, it exists abundantly, as in 
combination with earthy and metallic baseSj — ^sueh as the earbonato 
of limcj the carbonate of njagncsia, the carbonate of zinc. Tho 
carbonate of lime, as chalk, marble j limestone, marl, is one of the 
most abundant subatunces in mineral nature; and of this substancfl 
carbon forms one-seventh part by weight. In the atmo?phere car- 
bonic acid is unifortaly present, but in variable proporrion. It existi 
nlso in waters. The respiration of aninudii and the combustion by 
common fires are continually adding to the carbonic acid of the atmo- 
sphere; while the process of vegetiitlon is as constantly decomposing 
it, appropriating to itet'lf the carbon, and setting free the oxygen* 
In dried muscuhir flesh the proportion of carbon by weight is notj 
fur from one-half; arjd io the tissue of wood the weight of carbon 
is nearly three-sevenths. 
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ULTnrATE KI.EMENTS OF THE SECOND ORDER, 

ChloriiieH — Chlorine (3oes not exist free in organic Dature, bat onlj 
in combinatiua with metallic baaes, or with hydrogen. The chloride 
of sodium, or common Mlt, la a constituent of the animal fluids, nu^ 
in certain classes of aniniab must be regarded as esjaential to lifei 
becau&e it is the eource of muriatic or hydrochloric acid, the presence 
of which 13 one of the conditions of their digestion. 

Iodine,- — Iodine exists in sea-water, in some mineral waters, and 
in a few mitierals. Its chief source^ howerer, is the oceaaic a\gm or 
sea-weeds ; it exist!? also in sponges ; and has been detected ia the 
oyster and other marine molluscs. 

Bromina, — Bromine exists also in sea-water^ and in some mine' 
ral waters. It has been found in marine plants^ and in the ashen 
of at least one animal, the janthina violaoea, one of the testaceous 
molluscs. 

Fluorme. — Fluorine exists, combined with lime, in the bones 
and teeth of animals. It has been found also in the vegetable king- 
dom to a sufficient extent to account for its existence in the animal 
kingdom. In the mineral kingdom it exists in great abundance. I 

SuIpliTir. — Sulphur exists as widely diffused in the mineral king* 
dom as in volcanic products^ also combined with metallic bodies, and 
in mineral waters; and to these sources in the mineral kingdom 
should he added the sulphates, — such, as the sulphates of lime, m 
eelenitCj alahasterj and pla^^ter of Paris ; the sulphate of magnesia, 
or Epsom salts j and the sulphate of baryta, or heavy spar. I a the 
vegetable kingdom sulphur does not exist in much profusion ; the 
snlpbates are araoog the salts met with in the analysis of vegetable 
tissues J and sulphur is particularly found in some orders of plants, 
as the cruciferous family and the lichens. In the cruciferous plants 
— such as the cole worts — the presence of sulphur iii indicated by 
the smell of sulphuretted hydrogen, given off during their decom* 
position. 

Pboapborus* — Phosphorua hardly exists free in any part of 
nature. The salts which its acid combinations with oxygen form, 
are widely spread through the three kingdoms of nature, and appear 
to have important offices assigned to them in the economy of organic 
life. Phosphorus exists diffused through all fertile soils. The 
source from which these important constituents of vegetable and 
animal substances originally reach the soil, is now proved to be the 
mineral kingdom. The phosphate of Hme exis*.s in the mineral 
kingdom under two forms — namely, apatite and phosphorite— which, 
though in some districts they constitute even mountain masses, yet 
are not widely spread over the earth^s surface. But recent chemical 
analysis has satiiifuGtarily showa that minute portions of phosphates 



n 




PHOSPHOUrS DERIVED PROM ^mERALS. 



71 



ire everywhere spread throughout the earth ^3 surface; so thut 
nothing 13 eaaier ihaa to underataDd, that hj the disintegration of 
these roeks — a process at all timeii ia activitj — minute portions of 
pbosphatca are continuallj added to tie adjacent soil. Even in w;a- 
water phosphates have been detected. As to the existence of phos- 
phorujj in the vegetable kingdom ^ the ashes of red wheat con tain j 
aecording to Liehig, 9444 per cent, of phosphates j the ashes of 
white wheat, 91*47 per cent. ; the ashes of pease, 85-46 per cent. ; 
the ashes of heans^ 97 05 per cent* of the sanio salts; whence it 
follows that the ashes of these several suhstances have phosphorus 
present in them to the extent of 15 to 20 per eent. And as phos- 
phates are iovariahl© constituents of the seeds, not only of all kinds 
of grasses and leguminous plants, hut also of the seeds of plants in 
general which are fit for food, it is not too much to saj, that phos- 
phorus, in minute proportions, is jipread throughout the vegetable 
kingdom. 

In the animal kingdom phosphates make a prominent figure 
among its saline coDStituents. It hag even been believed of late that 
un combined phosphorus exists in the animal body, as in albumen 
and lihrioe. 

If the phosphates in the human body amount to about one- fifth 
part of m weight, as indicated by some calculations, then every 
tuman body must contain several pounds of phosphorus. The phos- 
phates, and particularly the phosphate of lime, are the chief hard 
materials of the bones in vertebrated animals, the carbonate of limo 
being iu very inferior proportion. In the true shells, as io those of 
the crustaceous molluseSj or testaceous animals, there appear to be 
uo phosphates, the hard substance being almost entirely carbonate 
of lime } but in the true crustaceoua animals, as in the shells of the 
lobster, erab, and crayfish, there is both phosphate of lime and ear* 
bo n ate of lime, the latter predominating. In egg-shells there is a 
portion of phosphate of lime, while the predonaioatiog constituent is 
the carbonate of lime. The bone, aa it is termed ^ of the cuttle-fish, 
contains bo phosphate of lime. Ia the zoophytes the composition 
of the indurated part varies in differ! fit aniamls. Madrepore eon- 
eists entirely of carbonate of lime^ without phosphate; and the red 
coral yields a little phosphate of lime. In the higher animals phos- 
phates are found generally throughout the fluids and soft parts, as 
well as in the skeleton. 

Silicon^ or Silicium. — Silica, or silicic acid, is found in small 
proportion throughout the organised kingdoms of nature. In the 
animal kingdom it is met with, in trifling quantity, chiefly in the 
bones and in the urine. In the vegetable kingdom it performs the 
important office of imparting strength to the &tem, as in grasses, so 
m to enable them to support the weight of the grain. In the stem 
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of the equisetacea, or horse-tails, the silica is seen to be disposed in 
a crystalline arrangement. In the bamboos of the East Indies there 
occurs a deposit of pure silica in considerable masses, to which the 
name ^^ Tabashen " is given, and to which various mystical properties 
are ascribed. 

Potassium. — The ashes of trees and of herbaceous plants grow* 
ing elsewhere than on the sea-shore, contain the carbonate of potasn; 
and such is the sufficient proof of the existence of potassium gene- 
rally throughout the vegetable kingdom. The proportion of potas- 
sium varies considerably in different plants ; and those which contain 
a large proportion refuse to grow in soils not rich in salts of potassa. 
The carbonate of potassa was formerly called the vegetable alkali, 
as if it belonged peculiarly to the vegetable kingdom. Bat it is 
DOW well ascertained, that all the potassa of the vegetable kingdom 
had its original source in the mineral kingdom, whence, by the dis- 
integration of the rocks containing it in small proportion, new sup- 
plies are continually passing into soils. 

In the animal kingdom potassium is not found so extensively 
diffused. Salts of potassa exist in some of the fluids of the human 
body, as in the blood, the milk, the urine. The same salts are 
abundant in the urine of herbivorous animals; that is, the excess of 
potassa received with vegetable food is thrown off by the urine. 

Sodium. — In the ashes of sea-weeds, and of plants growing on 
the sea-shore within reach of sea-water, the carbonate of soda exists. 
Kelp and barilla are the names applied respectively to the soda ob- 
tained from these two sources. Soda was formerly termed the mine- 
ral alkali, and perhaps it is more easily obtained from the mineral 
kingdom than potassa, owing to its salts existing in a more isolated 
form in that kingdom ; for example, the chloride of sodium in the 
shape of rock-salt and sea-water, the nitrate of soda, and natron, 
found in certain districts of the globe. Soda, like potassa, exists 
also diffused through mountain rocks in minute proportion ; for 
example, the difference between felspar and albite, or natron felspar, 
is, that in the latter the potassa of the felspar is replaced by soda. 

Soda is more particularly the alkali of the animal kingdom. 
Besides the chloride of sodium, widely diffused, as already men- 
tioned, in the animal kingdom, tho sulphate of soda, the phosphate 
of soda, and various combinations of soda with the organic acids, are 
met with, particularly in the animal fluids. 

Calcium. — Lime, or the oxide of calcium, exists widely spread 
in organised nature. In the vegetable kingdom the salts of lime 
everywhere exist in minute proportion, while in the animal kingdom 
these salts accumulate so as to obtain a particular prouiineuce, as has 
been already indicated under the head of phosphorus. 

Magnesium. — Magnesia, or the oxide of magnesium^ exists much 
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mote iparingly than lime in organic nature. Phoaptiate of magnesia 
is a salt of continual recurrence in the cherakal analysis of the parts 
of Tege tables* ThuR, in the ashes of wheat, rje^ beans, and pease, 
the phosphate of tnagnc^ia exists to a eonaiderable ertent. It also 
occurs ill the human blood, and in the hones^ 

IroiL — Iron appears to possess important offices in organic nature. 
Its oi^ide exii^ts, oombtned with phosphoric acid, in such seeds as 
wheat, rje, and pease ; and the oxide is discoverable in the ashes 
of various kinds of wood, — for example, in the ashea of fir-wood 
the oxide has been found to the extent of 22*3 per cent. In the 
animal kingdom iron is a universal constituent of the blood* 

Hangaiiese, — Manganese is found in the analysis of various 
woods^ and also in the human hair. 

THE PUOXIMATE ELEMENTS OF ORGANIC NATURE. 

The proximate elements of organic nature are divisible into thft 
azotised and non-aaotised proximate elements; that is, into those 
which contain nitrogen, and those destitute of nitrogen. 

Albumen, fibrinej and ca^eine are proximate elemeuta, common to 
both kingdoms* According to a view which has excited much atten- 
tion, these three proximate elements are merely slightly modiSed 
forms of the one proximate element, proteine, Miiider, the author 
of tbis view, conceived that the compound to which he gave the 
name of protein e was the basis of these several substiinces, and that 
the difference in their properties depended on the circumstance that 
the proteine in euch was united with a different proportion of sulphur^ 
or, in gome cases, of sulphur and phosphorus and salts, A degree 
of doubt still envelopes this view ; but certaia it is, that the three 
proximate elements just enumerated, differing as they do very 
materially in proper riea, agree very closely in ultimate composition. 
All the three, whether obtained from the vegetable or from the 
animal kingdom, consist of oxjgen, hydrogen, carbon, and nitrogen, 
with a pro [portion of sulphur and phosphates j the proportion of 
nitrogen being about fifteen or sixteen per cent. 

AlbuineE* — Tbis proximate element is most eonveniently repre- 
sented by the white of eggs. It is soluble in water^ and exists dissolved 
in the serum, er watery part, of the blood, and in vegetable juices. 
It is coagulated by heat j that is to say, after having been exposed 
to the heat indicated by the 160th degree of Fahrenheit's thermo^ 
meter, it ceases to bo soluble in water, and several chenucal agenta 
produce the same effect as heat upon it. Albumen exists in tho 
serum of the blood; in the secretions poured into what are termed 
the shut cavities of tlie animal body, such as the thorax and abdo- 
men; iu the humours of the eyej in the bile; in the muscular 
tissue ; and, more or less modified, in many of the animal solids. 
7 
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It is met with, also, in many vegetable juices, and in seeds, sach as 
nuts, almouds, &c. 

, Fibrine. — Like albumen, fibrine is known nnder two form^ — 
the coagulated and the non-coagulated. The latter is found in fresh- 
drawn blood and in fresh-drawn vegetable juices ; but, on standing, 
each coagulates. In the coagulated state it exists naturally in 
muscular flesh, in the gluten of wheat flour, and in the seeds of the 
grasses. 

Caseine. — In milk caseinc is found. It does not coagulate 
spontaneously, like fibrine, nor by heat, like albumen, but by the 
action of acids it coagulates. Cheese made from skimmed milk, and 
well pressed, is nearly pure caseine. The name legnmine was 
formerly applied to a substance quite identical with caseine, found in 
the seeds of eguminous plants. The ashes of caseine are rich in 
phosphate of lime and in potass. Coagulated caseine is a compound 
of caseinc with the acid employed in the coagulation. When milk, 
by long standing, seems to coagulate spontaneously, the effect is pro- 
duced by the previous generation of lactic acid, a portion of which 
has combined with the caseine. In the oily seeds, such as almonds, 
nuts, &c., caseine is present, together with albumen. 

Gfelatine. — Isinglass represents the chemical body termed 
gelatine, which consists of carbon, hydrogen, nitrogen, oxygen, and 
sulphur. To speak strictly, it docs not exist in the animal tissues, 
but is formed out of certain of these by the action of boiling water. 
Gelatine is soluble in hot water, and by cooling forms a jelly. It is 
precipated by tannic acid, and upon this property depends the for- 
mation of leather. The gelatinous tissues, as they are termed, are 
the bones, the tendons and ligaments, the cellular tissue, or filamen- 
tous tissue, and the membranes in general. Glue and size are formed 
from such tissues by long boiling. Gelatine is found to be more 
closely allied to albumen, fibrine, and caseine, than was at first sup- 
posed. It is believed, however, that it cannot be transformed 
within the animal body into albumen, fibrine, or caseine ; and that 
is the reason why animals fed exclusively on gelatine die with symp- 
toms of starvation. 

Chondrine. — Between gelatine and chondrine, which forms the 
tissue of cartilage, there is a close resemblance ; with this difference, 
however, that chondrine is not precipitated by tannic acid. 

Homy Matter. — Of homy matter there are two varieties, the 
membranous and the compact. The membranous constitutes the 
epidermis and the epithelium, or lining membrane of the vessels, 
the intestines, the pulmonary cells, &c. The compact forms hair, 
horn, nails, &c. Feathers are allied to homy matter. 

Hematosine. — The colour of the blood is due to a peouliar 
albuminous principle, termed hematosine. 
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Globuline. — lo the blood-globules, besides hematosiue, there is 
aDorber albuminous principle^ on which the Dame globuline has been 
bestowed. 

Kreatine. — There has been obtained of late, from the juice of 
flesh, a remarkable substance, to which the name kreatine has been 
given. It is a crystalline compound, consisting of oxygen, hydrogen, 
carbon, and nitrogen. It has neither acid nor basic properties. It 
is very soluble in hot water, and cold water retains a minute portion 
of it in solution. By the action of strong acids it is resolved into 
a new body, named kreatinine. Kreatine has been found, in minute 
quantity, in the muscular flesh of the common domestic quadrupeds, 
and also in that of birds and fishes. 

Urea. — The chief peculiar constituent of the urine is urea, which 
consists of oxygen, hydrogen, carbon, and nitrogen, the last being 
the predominant element. Although, then, the constituents of urea 
are the same as those of albumen, fibrine, and caseine, the propor- 
tions are very diflerent. In those albuminous bodies the proportion 
of nitrogen is only about 15 per cent., while in urea it is 47 per 
cent. In those so-called forms of proteine the carbon amounts to 52 
or 53 per cent. : while in urea it is no more than 20 per cent. In 
the former, the hydrogen is very much the same per cent, as in the 
latter ; but the oxygen in urea is 27 per cent.^ while in the forms 
of proteine it is about 22 per cent. 

ITric Acid. — In uric acid the proportion of nitrogen is also great, 
while that of carbon is also considerable. The nitrogen is present 
to the extent of 32 per cent., while the carbon amounts to 37 per 
cent. Uric acid is secreted, not only by animals and birds, but also 
by serpents and many insects. Guano consists chiefly of uric acid 
combined with ammonia. 

Hippnric Acid. — In the urine of graminivorous animals another 
acid has been discovered, to which the name of hippuric has been 
given. In this acid there is no more than 8 per cent, of nitrogen. 

THE NON-AZOTISED PROXIMATE ELEMENTS OF ORGANIC BODIES. 

Oil, or Fat. — For sake of convenience, we still speak of the oily 
constituents of organic bodies as proximate elements, though, strictly 
speaking, the oily acids, of which these oils consist, are the true proxi- 
mate elements. The term fixed oil, or fat, denotes a compound of 
oxide of glyceryle with certain organic acids, chiefly compounds of 
that oxide, with stearic, margaric, and oleic acids, — two of these, 
and often all three, being present. In animals, fat occurs chiefly in 
the cellular membrane, or in a tissue connected with it. Among 
plants, oils occur in the seeds, capsules, or pulp surrounding tho 
•eods, and very seldom in the root. 
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BtarclL — FecTilBj or stardi, na already stAtedj has odIj latelj been 
recorded as existing in the aoimal kingdom* In vegetable nature it 
is everywhere met witb. It occurs abundantly in tbe seeds of the 
cerealia; in the luWif of tubi-riferous roots, as in the potjito; in the 
Btenia of palms; and in iicheus. Starchy by its ready convertibility 
into soluble forms — such aa dextrine and sugar — is well fitted to aei 
important parts in the economy of vegetable nature. It appears to 
be etored up in tbo seeds, roots, and pith of plants, to supply 
materials for some of the most essential vegetable products, 

Gtun, — The mucilaginous compound, gum, ia widely spread 
tbroughout the vegetable kingdom. It h soluble in water, and in- 
soluble in spirit. Its precise uses in the vegetable economy have 
Larrlly yet been made known. 

Iii^nliie* — The basis of wood, and of the stems and leaves of 
herbaceous plants, is termed ligcine, or woody fibre. It is a Mbrmia 
matter, insoluble in all ordinary solventa, and is left after vegetables 
have been succesaively cxpobjcd to the effects of etherj aleoholj water, 
diluted acids, and diluted nlakalies. Lignine forms about 95 per 
cent, of baked wood, and is the chief eonstitnent of linen, paper, 
and cotton* Ligninej together with starch and gum^ cons titu tea the 
principal mass of the vegetable kingdom. 

Such are the chief proxLimate elements of the orgiiniscd klogdoins 
of nattire; as to the rest, it would bo tedioug to enter upon any 
allusion to them at present, while such of them as deserve particular 
attention, will meet with the necessary mention ia the farther oourae 
of this treatise* 

THE CHIEF COMPQNENT TEXTURES OF ORGANIC BODIES, 

It will be sufficient to exhibit a few distiuet examples of the 
character and properties of the component textures of organic bodies?, 
without attempting, at this stage of our undertaking, to exhaust the 
whole of the details which might come under this section. 

In the auimal kingdom, aa before hinted at, there are three well- 
distinguished textures^ namely, the muscular, the nervous, and the 
filamentous. In the vegetable kingdom there is only one distinct 
texture, namely, the cellular. 

The muscular tissue — to confine our attention to a single fibre — 
has the property of shortening and el ou gating itself by a molecular 
movement of its minute eonstituent parts, so as to impart amecbaui* 
eal impulse to the adjacent solids, or fluids. In the meantime the 
cilia, as they are termed, or the minute bodies observed in motion 
on membranous surfaces, may be rjitiked with the nmseulur texture, 
though it be still uncertain to what extent the molecular action in 
each is diflFerent. The nervous texture has the property of htmg m 
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influoncod from #Fi thou t, as to execute and regulate the movementa 
of musoulLir fibres. The tuusuular nud iho Jitrs^ous testurca admit 1 
of little modiflcatioo^ retaining nearly tke same struotunil elm meter i 
uruier all kinds of circ mas truces, Tlie ilird texture, the lilriTuen- 
tous, being merely the carmecung medium of the sevKriil component ] 
partsj may be r^jgardod as Buffering various modificatioDs, or, at kast, , 
m represeutiog various other tissues, particuWly membrane, bone, ' 
and cartilage. 

The Muscular Texture. — Twokiods of muscular fibre are known 
in tbe animal kingdom^ and these, in the higher animid^^ lire well 
distinguished from eaeh other. One of these occura in the voluntary 
muse It a, and I a naoied, from conapicuona cross mar kings? ^ the striped I 
muscular fibre; the other, found in the alimentarj eanal, the womb, 
and the bladdt;r^ being destitute of such cross markings^ ia termed 
the uDslriped. Ia tbe heart jind the gullet both kiodbi are met with. 

The elementary striped mua- I 
no. 26* cnlar fibres are arranged in 

..^-rrr=^^_ gets parallel to each other; 
the unstriped muscular fibres, 
on the contrary, cross each ' 
other at yarioug angles, and 
interlace, being arranged Ilka ^ 
mcmbranouB organs enelo^ j 
ing a cavity, which, by their ' 
constriction, is contracted, 

The striped fibres are usu- 
ally m long, or nearly as 
long, as the mu«tde in which 
they exist* They vary in diameter from one-sijitieth to on e-fif teen- 
hundredth of an inch j they are of the greatest breadth m criisia- I 
econ3 animali?, fishes, nnd reptiles, and of least breadth in birds. ' 
Their average width in the human body is one- four teen- hundredth j 
of an inch. They are not cylindrical^ but more or leas flattened* 
This primitive fibre consists of a great number of primiliva 1 
particles, or sarcous elements, enclosed in a tubular organ^ termed 
sarcolemma, 

Tho ordinary diameter of tho unstri^d fibre la from one-tw^o- 
thousiindth to one-three-thousaridth part of an inch. It is doubtful i 
if they possess a sarcolem ma. The absence of cross stripes seeuii 
to arise from a less uniform arrangement of their interior particles^ 
or sureous elements. 

In tho lower animals, the diatinetive eharactors of these two kinda I 

of primitive muscular fibre begin to bo confounded, espeei;illy wliea | 

the fibres become much reduced in &he, Tbe transverse atripeg ] 

T* 
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Fracritteiit of rleoientaTy fib™ of nn oaI pArtiallj 
t-gatracti'td in water — niW}jiiillt*<J 300 eiJftttmteria. 
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become irregular, not parallel, and iLterrapted; tnd Bometimes » 
fibre shows the transverse stripes near its centre ; in short, as the 
fibres become extremely minate, these anatomical characters are 
lost ; and this may be the reason why in infusory animalcales, the 
wonderful movements of which they arc capable cannot, even with 
the best microscopes^ be referred to the presence of muscular 
structure. 

Each primitive muscular fibre is -properly regarded as a distinet 
organ complete in itself; and there are instances in the animal king- 
dom of a striped muscle consisting of a single fibre, and this fibre 
containing only a single file of sarcous elements. 

Whenever a primitive muscular fibre preserves a rectilineal direc- 
tion from end to end, the movement it undergoes is simply rectili- 
near; but the compound organs, termed muscles, in the human 
body, and in the larger animals, consist of many thousands of these 
primitive muscular fibres : still, however, the result must be described 
as a mechanical traction, compounded of the rectilineal motion, in a 
number of minute fibres, or parts of fibres, as to length, that original 
rectilineal motion being the effect of molecular movement of the 
sarcous elements within the primitive fibres. - 

These primitive muscular fibres are plainly extravascular ; that is, 
the minute blood-vessels which nourish them and replace their sab- 
stance, continually reduced to inert chemical products by the exer- 
cise of living action, do not enter the fibre, but merely convey the 
blood to its exterior surface, whence the nutrient matter is attracted 
into its interior. 

Of the nervous filaments supplying the primitive muscular fibre, 
a like remark may bo made as respects all those animals in which 
nervous filaments can be traced to the component fibres of a muscle. 
The primitive tubules of a nerve " pass among the fibres of a muscle, 
and touch the sarcolemma as they pass ; but, as far as present re- 
searches have informed us, they are entirely precluded by this 
structure from all contact with the contractible material, and from all 
immediate intercourse with it." — Physiologictd Anatomy ^ by Todd 
and Bowman, p. 161. 

Contractility. — The property of' a muscular fibre to shorten 
itself on the application of a stimulus, and, by a quick alternation, 
again to return to its former length, is contractility. When, then, 
the contractility of a muscular fibre is spoken of, the term is to be 
understood in this special sense, or as indicating the quick alterna- 
tion of shortening and lengthening. In the works of Haller, the 
greatest of physiologists, this special property of muscular fibre la 
termed irritability. But as irritability may be sometimes employed 
in a larger sense, contractility appears to be the more appropriate 
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term. At I be !?amc time, it can not be deaicd ihtil irritubllity jn- 
tihides cuntrtiutilit^; tlmt m to &-dy\ tiiat uoutrautiiitj of muscular 
libre b a species of irritabnitjj and the same thing may be said of 
exGitiibiiity, The cont.ruetiliJy uf a muscular fibre, iu the sense benj 
indiutiteJ, is a wpccicf^, or tbrm, of ita excitabilitj. 

The stimulants which Ciill the contractility of a nuiscukr fibre 
iota activity, aro eiibcr mechunkalj as irntatbu with a sharp instru- 
mcat; chemical, like some acid chemical fluid ^ electrical, like ^ 
ibock of galvanism; or paycbical, like the huaian volition. 

When lA muscular tibrej the opposite estremities of which are 
attached^ for cxamplej to adjacent points of two hones^ is made to 
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shorten itself forcibly by the application of ^ etimulus, the more 
nioveahte point is drawn nearer to the more fixed point; and this is 
the great law on which locomotion by mwseukr fibres depends. Thus 
the fore-arm is bent upon the arm by a muscle, B, which arises from 
the top of the latter, and which is inserted at e, at a short dbtaneo 
from the ^Ibow -joint. A very slight contraction will raise the hand^ 
but a considerable increase of power ia required to overcome a re- 
sisting force. 

Tonicity. — There is another form of muscular contraction, which 
may or may not bo the result of the same property, modified by a 
difference of circumstances. In past tiroes, boweverj it has been re- 
garded as a different property, and is known by the name of toni- 
city. The eharaeter of this so-called property of the muscular fibre 
IS better taught by examples than by descriplion. If a muscle in 
the living body be cut right through, each portion ^ after a few 
quivers, begins slowly to shorten itRelf in a permanent manner, so 
that an empty space is left between the two cut extremities. There 
being no tendency in these two shortened portions to return to their 
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former length during an indefinite term, this effect has nsuallj been 
ascribed to a property different from contractility, under the name 
of tonicity. Whenever, by any change of the relative natural 
position of the parts of the skeleton, as by fracture or dialocatioD, 
the points to which the opposite ends of a muscle are attached an 
brought nearer to each other, the muscle becomes permanently 
shortened by the same so-called tonicity. Again, if the muscles 
which extend or straighten a joint become paralysed, without a co^ 
responding loss of power in the antagonistic muscles which bend 
that joint, then the flexor muscles, as they are termed, become 
shortened by their tonicity, and the joint remains permanently bent. 
This explains the permanent bent state of the elbow-joints in the 
paralysis of the upper extremities attendant on the painter's coliCi 
to which all artisans are exposed whose occupations bring them into 
daily contact with preparations of lead. 

Some forms of permanent lock-jaw seem to be of the sane 
character;, the muscles closing the jaw, which correspond to 
flexors, remaining in full vigour, while their antagonists have lost 
their power. 

Muscular Texture. — The muscular flesh constitutes a large pro- 
portion of the soft parts of the animal frame. In the higher 
animals nearly the whole of the muscles are attached to the skeletoOi 
or are skeleton-muscles. In common quadrupeds there is a peculiar 
subcutaneous muscle — the panniculus camosus — by which these 
animals are enabled to move the integuments, so as to shake oflffrom 
their skin insects and other annoyances. In the human body there 
is a muscular expansion occupying the neck, corresponding to the 
subcutaneous muscles in quadrupeds, which anatomists term pla> 
tysma myoides. The platysma myoides and panniculus camosns, in 
higher animals, are conceived to represent an entire system of 
muscles, which, in its full development, belongs to a different part 
of the animal kingdom. For example, in the crab and lobster, the 
muscles which move the limbs are inserted into the shell, which is 
plainly the integument of these animals, though in them it takes 
the place of a skeleton. Thus the muscles of locomotion in the 
crab and lobster are a highly developed system of subcutaneous 
muscles, corresponding to the platysma and panniculus, or the hypo- 
dermal system in mammals, and which, as opposed to the skeleton 
system of muscles, belongs in general, under its developed state, to all 
animals, with the exception of the vertebrata. As organs of motion, 
the ciliary processes, or cilia, might be spoken of with the muscnltr 
tissue ; but will be referred to elsewhere. 

iN'ervous Texture. — The nervous matter exhibits two forma, the 
vesicular and the fibrous. The vesicular nervous matter is gray, or 
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cioeriticms, in oolnurj an*i granular ia texture; it con tains ntieleated 
uerve-yeaicleR. The fibrous ner^oua matter h white and hjbular; in 
some piirts, howeverj it is gr^jf and its iihrcs arc solid. Wheu both 
tbesM^ kinds of nervous matter are united id to a variiible-shaped 
body, that body h termed a nervotis centre ; and tbe threads of 
fibrous matter whick piisa to aod frtmi it, are tinned nerves. The 
office of til© latter is called ** internuBcial ;" that is, thej establish a 
commnaieation between the several parts of the body and the ner- 
vous centrej and between the nervous centre and the several parts 
of the body. 

Of all the solids, the nervous matter comes nearest to the fluid 
condition. It contains from three-fourths to seven-eighths of its 
weight of water. Jn general terms ^ its chemical analysis may be 
thus given ; albumen, seven parts; fatty matter, five parts; water, 
eighty parts; while the remainder consists of inorganic matter, the 
chief of which is phosphorus, if not freCj in the state of phosphoric 
acid. 

The fibrous nervous matter is most extensively dififuaed throughont 
the aDimal body* It enters largely into 
the nervous centres, and is the chief con- 
stituent of the nervesj which extend in 
every direction. Besides the tubular 
fibre, or nerve- tube, there is also what is 
termed the gelatinous fibre; the latter is 
much less abundant, being found chiefly 
in the great sympathetic nerve. In the 
tubular fibre, there is externally the tubu- 
lar membrane, analogous to the sarco- 
lemma of the striped muscular fibre. A 
white substance, called the white sub- 
stance of Schwann, forms an interior 
tube, and within that the mat^^^rial is 
transparent. The nerve-tubes lie par- 
allel to each other^ and never branch. 
In the cut, a represents a nerve tube in 
water. The delicate lioe on its exterior 
indicates the tubular membrane. Tbe 
dark, double-edged inner one, m the 
white substance of Schwann, shghtly wrinkled, b h the same in ■ 
ether. Several oil-globules have coalesced in the interior, and others 
have accumulated round the extenor of the tube. The white sub* 
stance has in part disappeared. 

The vesicular matter exist^s in the nervous centres ; but is never 
found in nerves. It essentially consists of vesicles or cells, contam^ 
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ing nuclei and nucleoli. The wall of each vesicle is formed of an 
extrenaely delicate membrane, containing a soft but tenaoioas finely 
granular mass. The prevailing form is globular; but that figare is 
liable to be changed by packing. There is also a kind of nenre- 
vesicle, termed caudate, from exhibiting one or two tail-like processes. 

A nerve is a leash of nerve-fibres, surrounded and connected bj 
areolar tissue. The areolar tissue surrounding the nerve-fibres is 
called the neurilemma : from the internal surface of which, processes 
are sent inwards, to form partitions between the smaller leashes and 
the individual fibres. The blood-vessels are distributed, upon the 
investing neurilemma and its partition-like processes — and thus the 
individual nerve-fibre is, like the ultimate fibres of the rausoles, 
extravascular. The nerve-fibres within the sheath lie in simple jux- 
taposition, the several fibres being parallel to each other. These 
fibres, which in the cercbro-spinal nerves are chiefly of the tubular 
kind, while varying considerably, do not exceed the one-fifteen-hun- 
dredth of an inch in man and the mammalia. 

Areolar Tissue, Membranes, &c. — The areolar tissue of recent 
authorities has a very perplexing number of names. An^ong the 
newer names applied to this tissue, is that of filamentous tissue. It 
is the tela cellulosa, the cellular tissue of the older authorities, called 
also cellular substance ; but, in its ultimate structure, it appears to 
be of a fibrous character, and hence the term cellular is inappro- 
priate. The areolar tissue is most extensively diffused over the ani- 
mal body, connecting the other component parts of the frame- in 
such a manner as to allow of a greater or less freedom of motion 
between them. Owing to this manifest use of the areolar tissue, 
the additional name *' connexive tissue " has been proposed for it 
It is placed in the interstices of other textures in greater or less 
abundance, and in a more or loss lax state, according to the exigen- 
cies of the case. It everywhere surrounds the blood-vessels, and is 
hardly absent in parts supplied with blood. In the more solid parts 
of bone, in teeth, and cartilage, it does not exist, nor scarcely in the 
substance of the brain, except around the larger blood-vessels. In 
the muscles it consects the elementary fibres together, yet does no\ 
penetrate the sarcolemma, or touch the contractile elementsjnrithin. 
It is remarkable, that abundant as it is in the muscles at large, it is 
in very sparing proportion within the substance of the heart. It 
exists largely immediately beneath the skin ; and hence it is this lax 
layer of areolar texture which is the seat of the dropsy termed 
anasarca, and of the occasional accumulation of air termed emphy- 
sema. 

The areolar texture, moreover, surrounds all the organs, particu- 
larly those, like the pharynx, gullet, lumbar colon, bladder^ &e., 
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which have no free surface. It dips also into the interior of organs, 
and connects their proper anatomical elements together. It appears, 
however, that the importance of the areolar tissue in the parenchy- 
matous organs, as they are named — the lungs, the liver, &c. — has 
been overrated. It always attends the distribution of the blood- 
vessels in such organs; *' but wherever, either from the intricacy of 
the interlacement of the capillaries with the other essential elements 
of the particular organ, or the greater strength of these elements 
themselves, the firm contexture of the whole is provided for, while 
little or no motion is required between its parts, this interstitial fila- 
mentary tissue will be found to be confined to the larger blood- 
vessels, and to the surface of the natural subdivisions of the 
organ." — Todd and Bowman, p. 87. 

Under the microscope, the areolar tissue presents an inextricable 
interlacement of tortuous and wavy threads, intersecting one another 
in every direction. Of these threads, there are two kinds, the white 
fibrous element, and the yellow 
fibrous element. The threads „ ^^^' ^^' 

of the former are inelastic, of un- 
equal thickness, forming bands 
with the marks of longitudinal 
creasing, the largest of the bands 
being often one-three-hundredth 
part of an inch in width. The 
threads of the latter are long, 
single, elastic, branched fila- 
ments, disposed to curl when not 
put upon the stretch, and for 
the most part about the one- 
eight-thousandth part of an inch 
in thickness. They interlace 
with those of the white fibrous 
element, but there appears to be 
no continuity of substance be- 
tween them. By the crossing 
in endless succession of these 
microscopic filaments, and of 
their fasciculi, there results a 

most intricate web, the interstices of which are most irregular in 
size and shape, while all necessarily communicate with one another. 
These interstices are not cavities possessed of definite limits, since 
they are, in fact, formed out of a mass of !angled threads. It 
appears at once, then, that the term cell is inappropriate to these 
interstices. In certain parts, however, of this texture, secondary 




o, vhite, and ft, yellow fibrous tissue, afler Todd 
and Bowman. Magnified 320 diameters. 
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caTJtiefl, not inappf opriately termed eel Is, oociirj partkularlj in tb« 
subcutancnus cellubr tissue in wkicb fat accumalates* These secon- 
dary carities^ or eel Is, often TJsible to the naked eyCj bave a some- 
Vfhtit determioato shape and e\7^. 

TLe fattj or adiptj^e tia3ue bas the like office of filling up inter* 
Btiees with the arcoinr tiaaue ; and hencei being found almost con- 
stantly associ a tc^d with tbat tissue, it baa been too commonly regarded 
bj anatomists as merely one of its niodificatjons, Tbe adipose nw^4 
areolar tissues, bowever, appear to be al together distioct and inde^l 
pendent. It has, indeed, long bcRW remarked that there are maoyl 
sitnatioDS in which areolar tieaue uniformly exists in which fat neYer ' 
appears, while there are some eituatjons — for e:sample, in the can- 
celli of bones — exhibiting a copious deposit of fat, without any 
vestige of areolar tissue. And as the two tissues seem to be quite 
distinct, even in those situations where both exist in pro^tnity, thQj 
old term adipose cellular tissue should be discarded. 

Fat is not to be confounded with adipose tissue. The tissue Ul 
tbe thin mem bran e, thrown into closed | 
vesicles, or cells ; the fat is what these 
vesicles, or cells, contain. The tissue, 
or membranoj is about the one- twenty* 
tbousandtb part of an inch in thickness, 
and is quite tmnsparent; it is of the J 
simplest structure, and incapable off 
further mechanical analysis, Eacki 
vesicle is a distinct organ in itself, varyJ^ 
ing from one- three-hundredth to one- 
eight-hundred tb part of an inch in 
diameter. 

The fat itself is a form of oil, resol- 
vable into steanne, oLeine, and mxrgs^ 
rine. 

Fat is extensively diffused through 
the animal kingdom. It exists not 
only in perfect insects, but also in the larvse. It is found in mol- 
Insca, In all tbe tribes of vertebrated animals it is met with. In 
many fishes it is found only in the liver, — as tbe cod^ the whiting, 
the haddock, and the rays. In reptiles it eiista chiefly in the abdo- 
men. In the frog, toadj &c,, it is found in long bands on each side 
of the spine* In birds it exists chiefly between tbe peritoneum and 
the abdominal muscles; also, however, in the bones of the extremi- 
ties, particularly of the swimming tribes. In mammals generally 
abounds, yet with some exceptions , for example, tbe hare, in wh 
flometimes hardly a particle of fat ie diacoveroble. 
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In the beolrhy human foetus fttt accumulatos in considerable qaan- 
tify after the middle of the jjf ritnl of geHfjiiion, The quantity of fat 
in a modorjitely fat nmu hiia been estimated lit about one-twentietli 
of liis weight* 

The white fibrous tissue and the yellow fibrous tissue are not con- 
fined to tbe areoLtr texture. The white fibrous, or inelastic fibrous 
tissue constitutes the ligaments of tbe joiuts and skeleton, tbe 
tendons of tbe nmt^cles, and tbe membrunes termed fibrous tneni- 
branes. The yellow fibrous tissue, or the ehistie fibrous tissue forma 
some struetures of great importance m wliieb elasticity is requisitej 
as in the ligament a subflava of the spine, and various parts of the 
mechanism of the larynx and windpipe, A peculiar modifieation 
of this texture constitutes the middle or proper coat of tbe 
arteries. 

Simple njembrane, together wiib cpithelinuij or epidermis, eon- 
stitutcs thq tegnnientary sarfaco of tbe bmJy, intcrnd and external, 
or the mucons surfaces and the integuments; while an epithelium, 
spread over expanded cellular tissue, constitutes the serous mem- 
branes, or tbe linings of the shut cavities. 

In tbe higher animals tbe raucous and serous membranes are well 
distinguished from each other. The former line the open cavities 
of the body : one extend;^ in maUj for example, from the frontal 
ainus into the cavities of the nose, ear, and mouth, and descends by 
tbe windpipe to line tbe countless number of .minute air-eeils; oa 
the other hand, it passes through tbe guUct to the Btomach, and sq 
through the small and great iufestinefl to the cxlrenuty of tbe 
rectum. The second great mucous membrane may be described as 
commencing iu the pelvis of the iidncy; it descends through the ■ 
ureters to tlic bladder, and from the urctbraj in both sexes, is trans- ' 
mitted into the organs of generation. The firt^t of the^e great mucous ' 
membranes is termed ihc gastro-pulmonic membrane ; the secondj. i 
the gcnito urinary mucous tneEnbrane. Owing to the extreme minuti;*, 
nessof the air-eel !s, which the pulmonic mucou.'s membrane lineSj the 
area of that membrane f-At exceeds the whole extent of the surface;' 
of the body. 

The serous membranes line (he great shut cavities of the body/ 
The peritoneum J or serous membrane of the abdomen, is the largest 
membrane of this class. The membrane itself is ii shut sac, like ail 
double nightcap. The sac within contams nathing but secretion,,! 
the secreting surface being everywhere in contact with itself, tbatil 
is, with anoiher pjorlion of the same inner surface of the sac j the! 
inner or secreting surface being everywhere free, that i.s, unattached,- 
while the ouler surface is called the surface of att4iehmeat| becaiifle . 
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it is at every point united by coalescence with adjacent organs or 
parts. 

Besides the peritoneum, or serous membrane of the abdomen^ the 
serous membranes of the human body are, — the pleura, formiDg two 
separate shut sacs within the chest; the pericardium, or serous mem- 
brane of the heart, often termed fibro-scrous, as having a fibrous 
layer in connection with it ; the serous membrane of the braiD, the 
arachnoid membrane ; the serous membrane of the testicle, the tunica 
vaginalis; to which may be added, the synovial membranes, or 
membranes of the joints, and the bursal membranes, in which the 
great tendons play. 

THE BLOOD IN RED-BLOODED ANIMAL9. 

By a happy phrase the blood has been described as " circulating 
flesh/' or chair coulanL It ranks with the fluids; but the term fluid 
in Physiology differs widely from its signification in Physics. The 
blood is water, containing a considerable portion of solid organio 
matter. Human blood is about five per cent, denser than water; 
that is, human blood is water charged with about five per cent, of 
organic solid matter. The heaviest part of the solid matter of the 
blood consists of what are termed red particles, or the red corpuscles, 
and these it is possible to separate by filtration from the remaining 
part of the blood. To succeed in this experiment, however, the 
blood of an animal must be chosen, in which the blood-corpuscles 
are considerably larger than in the human blood. In the frog, the 
blood-corpuscles are four times the size of those in the blood of mam- 
mals. If, then, the blood of a frog be placed on a filter of common 
white filtering paper, a transparent fluid passes through the filter, 
and the red particles remain on its upper surface. By this experi- 
ment the blood is actually divided into the two parts, to which, 
respectively, physiologists attach a particular value. In the lan- 
guage of modem authorities, the portion which remains on the upper 
surface of the filter is the vesicular part ; that which passes through 
is the ^^ liquor sanguinis,'' or blood plasma. The portion which 
passes through the filter, after a few minutes, begins to coagulate. 
The coagulum, or clot, gradually contracts with an exndation of 
watery fluid, by which it remains surrounded. The part which 
coagulates is fibrine ; the liquid part, or what is usually called the 
serum, being subjected to a temperature considerably short of that 
of boiling water (160° Fahrenheit,) forms another coagulum, which 
is found to be albumen, or nearly identical with white of e^g. The 
watery fluid which remains over is called serosity. This scrosity 
contains all the soluble salts of the blood, and nothing el.s( Uut a 
little animal matter. 
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Stieb, tlicti, la M brief nutliive of tha cotistituetits of the Hood; and 
even in tie ao-calltd tvliitti- blooded nnspjalsj tbe eonjpof^it.ioii of ttro j 
blood IB verj much thcs sanie, since fhe abRence of colour dcpoDdft 
less on tlie total deprivation of red particleSj than on the small pro- 
portion of tlint constitnent h<'mg present, 

Wc are now prepared better to understand what happeos wbcn 
blood is drawn from a vein in the humun body. After a few 
ainutes, blood so drawn assumes on the Rurfuce the appeaninee of ft^ 
fjelly, froia which ^ after a time, drops of watery fluid here and tbere 
begin to ooze out; these drops become more and to ore nameroua, 
and finally unite, so nn to cover the jelly-like surface with a layer of 
watery floid. After a sliort time, the clot, of which the jelly-like 
Burftice is the upper part, ia so snrrouadcd with tho exuded watery 
fluid, &a to be entirely separiited, in most cases, from the sides of the 
vessoL The clot, however, docs not alwnyg preserre the same 
iegree of eonsistcncc. It is Kometinies hirge, soft, and flabby ; at 
Dther times, small and firm, a1iuo,^t Icjjtliery. It consists, as might 
: anticipated from whstt has been already stated, of the red particles 
ind ^brine, or th^it substance whieli spontaneously coagulates when 
he blood of a frog has been subjected to filtration. The eoaguhitioUj 
then, of Iho clot depend.^ on the coagulation of tbe fibrioe which it 
Bontaiiis^ smd not at ail on its remaining chief constituents, the 
louring eorpusclea* When the clot is examined from top to bottom 
by a perpendicular section, it show r, in moat cases, the red colouring 
flutter diffused throughout, yet plainly in larger proportion at the 
lowest part J to which, owing to iheir greater weight, they gravitate 
before the coagukim h:is acrjuired sufficient consistence to intercept 
Iheir progress. The colouring matter near the upper surface is 
usually of a more intens^e red colour than that below j owing, doubts 
Ifss, to the action of the atinoirpheiic air, by wbicb the dnrk colour 
S)f veiioua blood acquiiea the vermilion hue of arterial blood. In 
tvery c^ae the ch»t retains within it a portion of serum, or of the 
fatery psirl of the blood. When the fi brine uojigulates more weakly 
Itban usual, a larger proportion of this watery part is retained, giving 
the clot an unnsunlly soft and flabby eonsi.-jtcnce* Hence, without 
aking into account the degree of consistence of the clot, the relative 
proportion of the clot to the serum cannot be estimated. Of two 
a^es in which the proportiuns are alike, the clot will be large in that 
K-bieh the coagulation is weaker^ and small in that in which the 
''coaguhiiion ii stronger; the apparent quantity of the aerum being 
greater in the latter case, owing to the large proportion of it retained 
the clot. When the clot is large?, and at the same time Terjfirm, 
be fibrine is br.tli abundant and highly coagulable. 

The surface of the clot is generally quite flat j in other cases it is 
imarkably concave^ or cupped, tui it is termedp And when it ig 
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cupped, it is most commonly covered with a more or less tliin layer 
of a yellowish opaque jelly, well known to physicians by the varioufl 
names of size, buffy coat, and inflammatory crust. This yellow or 
buff-coloured layer on the surface of the clot, as its last-mentioned 
name indicates, is regarded by physicians as marking an inflamma- 
tory state of the body in the person from whom the blood was 
drawn. This layer is composed of the fibriue of the blood, separated 
from the red particles on the surface of the blood just before the 
clot forms. The unusual tendency to separation between the fibrine 
and the colouring particles, in cases where the buff is to appear, may 
be discovered while the whole blood is still fluid, by placing the cup 
between the eye and the light, when thin films, not unlike oil upon 
water, of a dark colour, will be seen floating on the surface of the 
blood. These films are plainly layers of fibrine already separated, 
'through which, owing to their tenuity, in most cases, the dark colour 
of the venous blood shines. When the buff is to be very thick, these 
layers of fibrine on the surface of the still fluid blood, being opaque, 
exhibit their natural yellow colour. At the same time that there is 
this greater tendency to a separation between the red particles and 
the particles of fibrine, it has also been observed that the red particles 
have an unusually great disposition to unite together in the form of 
rolls, like piles of coins. 

The following table exhibits, from recent authorities, the mean 
relative proportions of the several chief constituents of human blood 
in the two sexes : — 

Male. Female. 

"Water 779 791 

Bed particles 141 127 

•• Albumen 69-4 70-5 

Fibrine 22 2-2 

Extractive matters and free salts 6-8 7*4 

Fatty matters 1-6 1-62 

What particularly strikes us on glancing at the table, is the small 
proportion of fibrine and the large proportion of albumen, notwith- 
standing that fibrine appears to be the nutrient constituent of which 
the most important solids of the body stand chiefly in need. Nay, 
the proportion of fibrine stated in the table is even an exaggeration, 
since what are termed the colourless blood-corpuscles cannot be suf- 
ficiently detached from the fibrine. The large proportion of red 
corpuscles also creates surprise, since these corpuscles are not directly 
concerned, as far as is known, in the nutrition of the solids. By far 
the most abundant solid in mammals, like man, is the muscular 
flesh. This muscular flesh is almost entirely made up of fibrine, 
identical, or nearly identical, with that which exists, however 
sparingly, in the blood. Further, when the animal body is much 
exercised, the muscular tissue is that which must require the greatest 
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amuTit iif ropjiir; Mnce it phiiuly "ippearis that evcrj living act is 
attt'jjded Tvish a cbpinii-al decoaiprigition and coosefjuent waste ia the 
orgiin cowctrneU. It is impnssible, the n^ to suppose that th« small 
pniportirm of fibrme exishog in the bipod should be the source of 
Ti^pair to the muscular system. The proper rinn of ^brine in the 
bio id is no more than one-fifth per cent. ; ,=o that, if the whole blood 
of fhe body be estiuiutcd nt twenty-five pouuciB, the quantity of fibrine 
will be the one-twentieth of a pound, or something more than fivo 
dnichin??. It will hardly be maintained that the small proportion of 
fibrine in the blood arises from its unceasing esh^instion by the nutri- 
tiou of the muacitlar tissue* foi% were this the case, fihrine would 
incrtase enormoasly in the blood, afrer a few days' complete repose 
from mn sen jar aotion. 

Is it probabk, then, that the albumen of tise blood supplies tba ; 
waste of the mai^oular tissue by passing into fibrine, when it is 
attracted frora the lir^uor eanguinb inio that tissue? In this suppo- 
sition there ia no difficulty. We have fecn thut albumen is very 
nearly identical with fibrine id ultimato com position j and it is certain 
that the Qii^, out of which the chick is developed, — that ia to say, 
fibrinous flesh as well as blood, menjbrane, and bone, ^—consists of 
BOthing but albumen, a little oil, and some saline matter. Of albu- 
men there is about seven per cent, in the human blood, or in the 
mass of the circulating blood there is sometlnng less than two pounds i 
of albumen. Even this quantity will nob suffice to supply the waste i 
of the muscular tissue long, not to apeak of the other demands upoa 
it, without being continuaJly renewed by the addition of the products . 
of digestion. 

As the proportion of fibrme jn the blood is not found to diminish * 
under deficiency of food, it has been conjectured that it la the result 
rather of the decotnposition of the blood itself, or of some of the tis- j 
sues, than that it is designed to sustiijn any shnre in liutrition* But] 
this view is not yet sufficiently matured to permit of being dwelt j 
upon in this place. 

The whole subject of the rod corpuscles of the blood still presents 
great difficulties. Many observations have been made upon these i 
bodies throughout the animal kingdom ; but the exact use which 
they serve in the living frame is still a problem. These corpuscles j 
constitute about 14 per cent, of the whole mass of human bloodj or] 
there ia about twice as much by weight of the red corpuscles in the J 
blood as there is of albumen, and aaventy times as much as there ia j 
of fibrine. 

When 3 drop of human blood is placed under the microscope, ^ 
nothing but an opaque mass is seen, owing to the crowded state of ^ 
the fiuid with red corpuscles; but when the drop ia diluted with a] 
weak solution of salt or of sugar, each corpuscle is seeu detached 
S* 
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from the rest. The fluid used to dilute the drop of blood must be, 
as nearly as possible, of the same specific gravity as the seram of 
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RED cohpusclis of the ox, magnified 
400 diameters— <^(er Todd and Bout- 
^ man. 

A, in their natural Htate; B, altered 
EED OORPTJSCLES PROM HUMAN BLOOP, by a menstruum of higher density. 

ma<piifie<i 400 diameters! — after 
Todd and Bmoman. 
Of viewed on the surface; &, in 
profile ; c, aggregation of cor- 
puscles in a roll. 

the blood ; if plain water is employed, the red corpuscles swell and 
burst. Each corpuscle is round and flat, like a piece of money ; or, 

to speak more correctly, each cor- 
puscle has the form of a double 
concave lens, the margin being 
thick and rounded, and the centre 
considerably thinner : their size in 
the human body varies from the 
three thousandth to the four thou- 
sandth part of an inch in diameter. 
In mammals generally the blood- 
corpuscles are similar in figure to 
those in* man ; but there is a con- 
siderable variety of size in diflTerent 
tribes of these animals. They are 
small in ruminants, in the Napu musk-deer, being no more than the 
twelve-thousandth part of an inch in diameter. In the camel tribe^ 
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itED CORPUSCLES OF THE PIGEON, mnjrnifled 
400 diameters — ajier Todd and Jinwman. 

A, unaltered, with two or three colourless 
particles; B, treated with acetic acid, 
which more clearly developes the cell- 
wall and nucleus. 



Fig. 33. 



Fig. 34. 
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RED CORPUSCLES IN FISHES — 

after Wharton Jones, 
a, lamprey ; b, skate. 




RED CORPUSCLES OF CRAB —a/ler Whavton Joneg, 
A, three granule cells; B, three nucleated 
cells. 



instead of being round, they are oval, as they are in birds, reptileSi 
and fishes. In reptiles the blood-corpuscles attain a large size. 
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In the frog, tbe red corpu.sdc!* contif^t of :i delicate mi^inbrane 
forming a cfill, within wbich h a giaimlav nui:lQti3. The Ducleus is 
globukr, and niuch smaller than rKu eidl; and the splice between 
the inner i^urfjiee of the cell and the <mter sarfiice of the nucleus is 
lilbd b^' fluids holding tlse colotiring ni fitter in solution. The nncleiia 
cannot be detecUd in the red eorpusclcs of th« hutniin body, but 
analogy suggests that its structure nmat be of the same general 
ebumcter as in the animal!?, m which these corpuscdes aru of larger 
size. 

A question has arisen j whether what have been termed the eolour- 
less oorpusclea of the blood be a distinct set of bodieSp or merely the 
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tam — q/tor Tadd and Bfitemtin. 
a, Itt ferum fully duvakipffll ; b. tta^t&d with acetJo 
Aold; Ct «o1oui-1qm corpui-icle. 



PEAflyj! OF THE HTTTfAH BUXUHJOR- " 

a it lid Ik granuU cells In tha 
c<iHrfleI.v fLKid finely ^rrannlntcd 

€. 'without cGlooPt nnd d. with 
mlotir; c^ frfH? ceUirforra nu^- 
dcufl, n perr^^t red «iF|:msel& 

red corpuscles in a less developed stato. The colourless corpusclea , 
are spherical bodies, destitute of colour; they are cells composed of i 
a very delicate membrane, and the cells are nucleated. The addition 1 
of weak acetic acid renders the eell-membrane, the nucleus, and tha 
nucleolus more distinct, by dissolving some granules cantained withiu 
the cells. The colourless corpusclea slightly exceed the size of the ' 
red corpusclea in mammals, but notiti the other vcrtebrata. They 
are thought to be essentially the same as the nuelcatcd particles found 
in lymph, and in the ehyle. They are fewer in number than the j 
coloured corpuscles, being, it is said^ in the proportion of one to fifty. 
In inflammatory states of the blood they become more abundant] 
ind, after great loss of blood, the proportion of these colourless cor- 
puscles is greatly increased. Without entering upon the difficult ^ 
question, what is the relation between these colourless corpuscles and ' 
the red eorpuseles, it will be sufficient to suy, in the meantime, that ] 
the weight of authority is m fa?our of these two kinds of corpuscles 
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being identical in species, tbat is, merely different stages of one 
organism. 

According to this view, then, to quote a passage from Todd and 
Bowman's Physiology : — "In the earliest periods of foetal life, the 
blood-corpuscles, as is shown by the researches of Vogt, Kblliker, 
and Cramer, originate in the same way as the elements of the tissues, 
from nucleated cells, which are the same, in point of constitution, 
as the colourless corpuscles ; with this exception, that they contun, 
between the nucleus and cell, a considerable number of grannies, 
which are largest at the earliest periods of embryonic life. At later 
periods similar nucleated cells are generated in the liver, as first 
pointed out by Weber, and from these sources supplied to the blood. 
In this fluid they undergo a transformation into the completely formed 
blood-corpuscles, by the removal of the granules, the increased 
development of the nucleus, and the generation of colouring matter, 
excepting in the mammiferous corpuscles, whose ultimate change 
seems to consist in the complete absorption of the nucleus, according 
to Kolliker, or the removal of the wall of the cell, according 16 
Wharton Jones. 

<< Now, as there can be no doubt that, in the adult, the lymphatic 
and chylifcrous systems afford a source for the constant development 
of particles identical with the colourless corpuscles, and as such cor- 
puscles are always found in considerable proportion in the blood 
(being more numerous under circumstances unfavourable to normal 
changes, as in inflammations), it seems very reasonable to infer that 
similar transformations of colourless into coloured particles are going 
on in the adult as in the embryo, and that the lymphatic and lacteal 
systems must be at least one, and that a fertile source, from which 
red corpuscles are being continually supplied to the blood. " — 
p. 639. 

There is no foundation for the idea that each blood-corpusclc gives 
origin by a species of reproduction to new blood-corpuscles. The 
blood-corpuscles probably decay by simple solution, though it does 
not yet clearly appear what substance in the blood, or in the body, 
results from their decomposition. The various colouring matters 
throughout the body have their origin, as is probable, from the 
colouring matter of the blood. 

It is not unreasonable to suppose that the red corpuscles are float- 
ing gland-cells, as they are, in all essential points of structure, like 
the secreting cells of true glands. Their secretion is hsematine.; 
that is to say, not merely the colouring matter, but the entire con- 
tents of the blood-corpuscles, of which iron is probably an essential 
part, since even the blood of the invertebrate animals contains a sen- 
mble quantity of iron, and that when no colour is distinguishable. 

Liebig^s idea as regards the important function performed by the 
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re<l pnHklcs^ by nicnris f>t* the iron which thpj ccnitainj muBt be 
&|>oki'ii nf when wti (ome to the foTJction of respiriition. 

Salts of the BloodL — ^Wlth respect to the B^Une matters of the 
bloodj tha atta!ys7a we liave given (iiakes tkc propnrtioDj eBtjmatcd 
to;_fctbeT With thut of extractive matters, no more thaa ubout eight 
parts in the thousanclj or soinewtiEkt less than one per cent. Bnt^ 
according to other anfllyj^ea, this part of the blood amounts to more 
thun one and a hwlf per cent. The pritieipid salts of the hlood are 
the albuminate ofaoda; other alkaline salts, as the carbonatej phos- 
phatOj und sulphate of sodu, and the chloride of sodium j earthy 
anJ metallic salti^, as the phosphate of lime, the phosphate of mag- 
nesia, the phoi^phatc of iron, the carbon sites of lime and magnesia, 
and the peroride of iron. In the.muFcular fleshy which constitutea 
the chief balk of the living frame, and that, as before stated^ which, 
from its nctiviry, requires the m^iRt frequent repuir, there is a con- 
siderably less proportion of saline matter than in tho blood. Whence 
It may he inferred thsit, by the protliiets of digest ion, a larger 
amount of isalttic matter is thrown into the blood than is required 
for the nutrition of the chief solids; and therefore, that a great part 
of the saline mutter giveo ofl' from the hlood by the kidney^ is 
merely tb<3 excess of what has becD received by the blood during 
digestion^ and that it has never entered into the constitutiou of the 
living frame. 

Some of the salts of the blood are essential to the secretions, 
particularly to the bile and to the gastric juice. 

Waste and Eepair, — The continual waate of the constituents of 
the blijod 13 eupphed by the products into which the food received 
into the stomach is converted. Together with the products of 
digestion, the contents of the lymphatic vesselsj originating in almost 
every part of the living franje, are poured from the ihoracio duct 
into the eirculatmg system. PerfLCt chyle is collected from the 
Bmall organs existing abundantly in the fulda of the mesentery, 
termed mesenteric glands (see page G2), by vessels which gradually 
unite into a single trunk, by the union of which with the lymphatic 
trunks^ from the pelvis and the lower estremities, the thonicic duct, 
as already has been shown ^ is formed. The same general plan 
pervades the whole of the vertebrate division of the animal king- 
dom; that is, there is a lymphatic system of vessels pervading the 
body at large, and a chyliferous system of vessels originating in the 
intestiueSj both of which systems unite in a common truuk, which 
conimunicates directly with the sanguiferous sjdtem. In birds, 
reptiles, and fii:<heet, however, there ure no meseiitetic glands. 
Although it cannot be doubted thsit important changes tiike place 
on such prcxiucts of digestion as are taken up by the lacteals withiu 
the niesentenc glands, it is plain^ from the fact just stated^ that these 
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organs arc not essential to the formation of perfect chyle ; that is to 
say, a cLylc perfectly capable of imparting the required natritive 
properties to the blood. One remarkable difference exists between 
the chyle in mammals, and that in the three remaining divisions of 
the vertebrata ; namely, that in the former it is an opaque fluidy and 
throughout the latter quite transparent. 

Lymph. — There is contained in the lymphatics, and also in the 
lacteals, when digestion is not going on, the transparent and almost 
colourless fluid termed lymph. In this lymph there are a number 
of <;olourless nucleated cells, which seem, as before hinted at, to be 
identical with the colourless corpuscles of the blood. In the cbjla 
the same corpuscles are found ; but, in addition to these, there itf 
what has been termed the molecular base, a finely granular matter, 
which varies with the amount of fatty matter in the food. To the 
presence of this molecular base the milky colour of the chyle is said 
to be due. To the absence or deficiency of this substance is to be 
ascribed the transparency of the chyle in birds, reptiles, and fishes. 
If a dog be fed on food from which fat has been carefully excluded, 
the chyle is not milky, but whey-likc or transparent. 

The molecular base is present in the chyle collected at the very 
origin of the lacteals in the intestinal canal. Both lymph and 
chyle, when taken from the vessels, undergo spontaneous coagula- 
tion. This coagulation depends on the presence of liquid fibrine, as 
in the blood ; while the coagulability bears a close relation to that 
of the blood in the same animal. The serum of the lymph is an 
albuminous fluid. Saline matters of the same kind as exist in the 
blood are found in the serum of the lymph ; there is also a traoe 
of fatty matter and of iron. The coagulation of the chyle depends 
also on the presence of fibrin e ; and the serum of the chyle con- 
tains more albumen and more fat than the serum of the lymph. 

Thus, lymph differs from blood, in having no red corpuscles^ and 
having a less proportion of albumen and fibrine. Chyle differs from 
blood in the same respects, and also in containing a large proportion of 
fat, which may amount, it is said, to as much as one and a half per cent. 
Chyle differs from lymph in containing more albumen and mnoh 
more fat. Of the fitness of the chyle, derived from the process of 
digestion, to sustain the nutritive properties of the blood, we have 
to speak hereafter. One point of difficulty arises, to explain what 
becomes of the large proportion of fatty matter which it contains. 
Fat is not a poteiuc compound ; it cannot pass into fibrine, albumen, 
or caseine — it is a non-azotised principle ; but though incapable of 
contributing to the repair of the more important textures, it is quite 
capable of supporting animal temperature by the process of slow 
combustion, termed eremacausis. It seems probable, then, that the 
superfluity of fatty matter, supplied by the chyle to the blood is 
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barot off in the process of respi ration ^ so aa essentkllj to maintain 
the animal bemperatare. 

What J llien, is? the use of the lymph which is poured so abun- 
dantly into the blood from tho thoracio dnct ? As tbe Ijmpb con- 
tains so many of the coustitnents of healthy blood, it is impossible 
to duubt tbat the addition of the lymph 15 a source of repair to the 
blood; bnt the question rerniiiEifi, What is the source of the lymph ? 
13y far the most probable suppositioD is, that the lymph of the lym- 
phatio system ia nothing more than the residue of the liquor 
sanguinis after the repair of the textures. The lymph is blood, 
deprived of the whole colouring corpuscles, and of part of its albu- 
men and fibrine* The liquor Sijnguin is, or blood without the colour 
log corpuscle?, exudes through the walls of the capilhries, and 
comes into contact Tivith the ultimafe raorpliologioal constituents of the 
tissues, which attract from it what is necessary for their repair; 
while, by the lymphatics, whieb are, in fact, a system of veins sub- 
sidiary to the red veins, the residue is conveyed to the thoracic duct, 
to be again mingled with the blood. 

From the view now exhibited of the composition of the solids, of 
the blood, and of the lymph and chyle, we obtain the means of 
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judging of the important place held by the blood in the animal 
economy. The circulation — wonderful as it seems when considered 
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merely in itself — is yet wholly subordinate in importance to the 
physiological constitution of the blood. It is a mechanical process, 
subservient, in certain classes of animals, to the uses of the blood : 
but the real wonder in physiology is the blood itself — its power of 
repairing the waste of the solids — and of repairing itself, at the 
expense of the food, through the medium of absorption. A brief 
notice, however, of the mechanism of the circulation, in the several 
orders of animals, must not be omitted. 

The annexed diagrams oC 
FiQ. 39. the circulating apparatus of 

man, after Carpenter, will 
enable us better to understand 
the details which follow. The 
heart situated between the 
lungs, in the cavity of the 
chest, is somewhat conical. 
The lower end is quite un- 
attached, and points towards 
the left; during contraction 
it is tilted forwards, striking 
the chest between the fifth 
and sixth ribs, and causing 
the "beat of the heart;" 
while the great vessels, rising 
from the upper and larger 
extremity, being attached to 
neighbouring parts, seem to 
suspend the organ, and to 
allow its movements freely to 
take place. The heart in man 
is a hollow muscle, divided 
into four cavities, two on either 
side — the upper of which is 
termed the auricle, the lower 
the ventricle — 'the walls of 
the latter having, by their 
contraction, to propel the blood 
through a system of vessels, 
being thicker than those of 
the auricles, which have only 
to receive the blood from the 
veins, and transmit it to the 
ventricles. The circulation 
of the blood, then, is that 
process by which the fluid, 
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PLAN OF FCBTAL CIKCrtATION — 

after WOstm. 
% placenU; 4, umbilical cord, containin-^ 
artery and Tein; 4, hepatic veins; 5, in- 
ferior cava; 8, right auricle; 10, left ven- 
tricle; 17> ductus arteriosus; II, aorta. 
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settbg out from the left veotricle of the heart, is distributed by 
tho arteries to evcrj part of the bodjj from whence it passes into 
the veins J la received from them into tbe vena cavaj whence it re- 
turos to the heart, entering tke right auriclej and passing into the 
Teutricle on the mme side, which propels it into the palmonary 
artery, to be dStributed through the lungs for purificatiou* 
Thence it p:i9ses, by the pulmonary veins, into the left anrlclej 
which trans m its it again to the left ventricle^ to repeat the course 
we have described 

The circulation in the foetus ia conducted in a somewhat different 
manner. Commencing with the placenta, where the blood under- 
goes some change, analogous t-o that in the lungs of ertra-uterine 
life, it ia eonveyed by the umbilieal vein to the liver, B.nd to the 
inferior vemi cava; here it roises with that brought from the lower 
extremities, and is carried directly through the right auricle into the 
left puriele by the foramen ovale, which, until birth ^ remains open, 
forming a direct communication between the two auricles; a portion 
only passea from the right auricle into the right ventricle, which 
contracting, the blood is seot into the pulmonary arteries j but re- 
gpinitiou not going on, the greater portion of the blood passes 
directly through the ductus arteriosus into the aorta. Tho small 
portion of blood received by the left auricle from the luuga, as well 
as the greater portion passed through the foramen ovale, is trans- 
mitted into the left ventricle j by the contraction of which it is sent 
into the aorta, and by menus of the umbiUeal arterieSj which arise 
in the lower part of the abdomen, it is again returned to the pla- 
centa. It is a wonderful provision of nature, that, in the footus, 
where the lungs are not called into play, and are nearly solid and 
impervious, means should be provided to turn from them the great 
current of the blood — the whole of which , after birth, must pass 
through them J tiiul to supply them merely with such a quantity as 
ia necessary for their nutrition* 

In the first two great divisions of vertebrate animals, mammals 
and birds, the circulaUon of the blood, with a few unimportant 
peculiar! tics J is performed on one plan. Of this plan, the most 
charactenstie feature is, that the particular circulation through the 
lungs stands on the same footing as the general cireuklion over the 
rest of the body. It follows, from this condition, that no blood- 
corpuscle can cireulale over the body more than once without having 
previously circulated through the lungs. The circulation, as it takes 
place in mammals and birdsj is conveniently methodised under the 
two heads of the circulation of the dark-coloured blood, and the 
circulation of the red-coloured blood. The dark^colourcd blood is 
profnTly described as appearing first in the venous capillaricS| at 
every vascular point throughout the body. The orgunSj then, or 
9 
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cavities la which tlic dark Llood h oontaioecl and tuoves^ si.U^ 
thoir proper order of suecession, are the venous capilliirie& ^rer th 
bodji raniifications of the veitis, the vetioiis trunks, the right cuvitk 
of the hearty namely, the right auricle aod the right ventricle, th^ 
pulmonary artery, — the branches of that veapl and the eonreff 
ponding capillaries. In like manner, the red-coloured blood is pro 
p«rly described as appearing first in the capillaries of the pnlmonar 
veins ^ and the organs or cavities in virhich the red -coloured blood i 
contiuucd and moves, stated in their proper order, are the capillarie 
of the pulmonary veiusj the rainificattons of the pulmonary veius 
the trunks of the pulmonary veins, the left cavities of the heart — 
j„ namely, the left auricle and th^ 

^ ^ ■ ■ left ve n trie] e — the aorta , or grea^ 

trunk of the arteriil system, tht 
branches of the aorta, and thiS 
arterial eapilUrics. These tiw 
Bf:*partit€ systems communicate, on 
the one bund, where the capillM 
ries of the vcina of the body jni^ 
with the capillaries of the aortu> 
system; and, on the other hnudf^ 
where the capillaries of the pul 
nionary veins join with the capii 
I a ries of the pulmonary arterj^ 
The right and left sides of thtj 
heart, though in juxtiipositioflj ' 
arc wholly distinct organs, and 
each heart is placed in the mid- 
dle of its owD system ; the right 
being situated in the middle Wj 
tween the veins of the body an 4 J 
the pulmonary artery, and tbo lefH 
heart, between the system of the' 
left amide Tl* 1*^ ^^^ pulmonary veins and the system 
of the aorta. 
The forces by which the blood is moved in the circulafion, ara.J 
chiefly, if not exclusively, mechanical — the only force of much effi-| 
ciency being the contiaction of the cavities of the heart by a mus-l 
cular effort, as the blood successively enters each ; while valves ars] 
so placed as to prevent its movement onwardsj except in the proper j 
direction only- [ 

The plan of the circulation m the reptilia is somewhat different; I 
and, though considerable varieties occur in the several orders of thll I 
classj one expression may be obtain-dd to represent it throughout, 
Contnir^y to what is provided for in mamniLLla and birds, a blood' 
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THE AXATOHT OP THB HEABT IN SITU — after ^Vi\^m. 

Showing its cavities, and tendinous and tlcshy 
chords. The course of the pure blood through 
the left side of the heart is marked by arrows. 



corpuscle raay circulate more than once over the body without pass- 
ing through the lungs. The pulmonary artery and the aorta arise 
from one ventricle, that is, 
from the only ventricle, feo 
that part of the blood de- 
rived from the ventricle 
passes through the lungs, 
and part is sent for general 
circulation over the body. 
This ventricle receives its 
blood partly from a syste- 
mic, partly from a pulmonic 
auricle — that is to say, part 
of the blood is dark col- 
ored, and has reached the 
systemic auricle by the com- 
mon veins of the body ; the 
other part of the blood is red- 
coloured, and has reached 
the pulmonic auricle from 
the pulmonary veins. Thus, 
the only organs which con- 
tain red-coloured blood in 
the reptilia, are the pulmonary veins and the pulmonic auricle, while 
there are two other kinds of blood in the body — namely, the pro- 
per dark-coloured blood contained in the veins of the body and the 
systemic auricle ; and the mixture of dark and red-coloured blood 
first made in the jingle ventricle, and proceeding from it both to 
the pulmonary artery and to the aorta. 

In fishes, the circulation of the blood presents a singular pecu- 
liarity. There is but a single heart present — that is, a heart con- 
sisting of only two cavities, namely, an auricle and a ventricle, and 
these cavities correspond, not to the left or systemic heart of mam- 
mals and birds, but to their right or pulmonic heart. It is to be 
remembered that, in fishes, the gills take the place of lungs. Pro- 
vision is made, in fishes as in mammals, that no blood-corpuscles 
shall circulate more than once over the body without previously pass- 
ing through the respiratory organs. Also, in fishes there are but 
two kinds of blood, the dark-coloured and the red-coloured blood. 
The cavities containing the dark-coloured blood are the venous capil- 
laries of the body, the venous trunks, the two cavities of the single 
heart, the branchial artery, its ramifications and capillaries. The 
cavities containing the red-coloured blood are branchial venous capil- 
laries, the branches formed from them, and the trunk formed in the 
next succession from them, which is the aorta, or proper artery of 



100 



CIRCULATION IN FISHES. 



the whole body ; lastly, its branches and their capillaries. Thus 
the peculiarity in fishes is, that the dark blood is sent by the single 
heart to the gills for purification ; and, being re-collected from the 
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CIRCULATION IN THE BATRACmA — 

after RogeL 
E, ventricle. D, auricle. The 
aorta and pulmonary artery 
are Been arising from the ven- 
tricle, £, sending branches to 
the head and neck, and uni- 
ting to form a single trunk, 
A, the descending aorta. The 
blood is returned by the ve* 
nous trunks to the auricle, D. 
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D, auricle; C, ventricle; F, bran- 
chial artory conveying the blood 
to the gills, II, whore, being 
aerated, it is carried by the bran- 
chial veins I, which unite unto a 
Fingle trunk. A, performing the 
office of an aorta. The blood is 
returned to the heart by the vena 
cava, C. 



gills by capillaries and branches corresponding to the capillaries and 
branches of pulmonary veins in mammals and birds, passes at once 
into a trunk which, without returning to the heart, is distributed 
over the body like the aorta in the two warm-blooded vertebrated 
classes. This trunk, formed from the branchial venous branches, 
may be regarded as representing, at once, the pulmonary vein and 
the aorta. 

With respect to the circulation of the blood in the inferior classes 
of the animal kingdom, it will be sufficient to select a few examples, 
as we shall next proceed to do, without attempting to exhaust the 
whole subject within the narrow limits to which this treatise must 
be confined. 
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Aiiioug tbe tu oil uses, the dreulutinn of the blood la the cuttle* 
fish baa a rtnjDrkablj? perfctjt character, lu this animal there are 
three separate hearts at gome distatioe from each other. Eaeh of 
tbcscj howcTer, haa only one cavity. In short, each of the three is 
a single veatricle. The cuttle-fiah breathes by gills. There are 
only two kinds of bloody the dark-eoloured blood and the red-coloured 

Fio. 4^. 
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blood. The organs which contain the dark-coloured blood are the 
j veins of the body, and the two trunks which they forra ; the two 
[ separate hearts, subaervleot to the circulation respectively of the two 

gills ; the two branch ial arteries and their ratniGcations, The organs 

■vvhitdi contiin the red-coloured blood are the ramifications and the 

trunks of the two system b of branchial veins, and the systeniie heart, 
I or ventricle, in which these two systems terminate ^ also the aortio 
I By stem arising from the systemic heart. The middle, or system io 
' beartj transmits the red-coloured blood by the, aorta aod its ramificap 
I tions all over the bodyj the blood, having beoome dark -coloured, \% 
I curried from the tcrntinations of tho aortio system by the Yeina of 
I the body in two portions to each of tbc two lateral or pulmonic 
j hearts ; from each lateral heart the blood is propelled to the gills of 
\ one Side, whence, having become red -coloured, it is carried again to 

the middle system ic ventricle. 

Among the Crustacoanti, ibc eircubtion of the lobster h^ beea 

particularly studied. lu it the heart has a single cavity or ventricle ; 

and from this heart several largo arteries are derived, by which the 
9* 
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blood is conveyed to all parts of the body ; but from one of these 
arterial trunks branches are given oflF, which proceed to the gillg. 
The blood is brought back from the several parts of the body by 

Fig. 45. 




CIRCVLATION OF THK LOBSTSS. 

a, heart; b and e. arteries of eyes and antennas ; d, hepatic artery ; e and /I arteries of thorax 
and abdomen; g g, great Tenons sinns; h /t, the gills; t, branchial veins. 

proper veins, and from the gills by branchial veins ; and the blood 
from these two sources mingles in a common cavity, or sinus, before 
it re-enters the single ventricle, to be again sent forth. Thus in the 
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lobster there are three kinds of blood, — the 
red-coloured blood, dark-coloured blood, and 
the blood composed of the dark and red blood 
mixed together. The red-coloured blood \h 
contained only in the system of the branchial 
veins; the dark-coloured blood is contained 
only in the veins of the body; the mixed 
blood in the venous sinus, or sinuses, where 
the two kinds mingle before entering the 
heart. This mixed blood is contained in the 
heart and in the arterial or aortic system, and 
also in the branchial arteries sent off from 
the aortic system. 

In the spiders with pulmonary cavities — 
that is, with pulmonary organs limited to one 
part of the body — there is an elongated dorsal 
vessel, which gives off arteries and receives 
the terminations of veins ; the action of which 
seems to be to drive the blood at once to the 
several parts of the body, and also to the 
pulmonary organ. The purified blood from 
the pulmonary organ must mingle with the 
nioating with respiratory ^^^^^ returning from the several parte of the 
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body m open spaces, or emuses, wlietice, by tbe brauc bio-cardiac 
vessels or veins, it reacbes tbe dorsal bearL 

In insects, the circulatioQ of the blood proceeds on a plan alto- 
gether peculiar. There is a large dorsal blood-vessel, or heart, pro- 
vided with apertures and valves^ and capable of contraotionj bufe 
without ramiiications, — in sbort, in iosects there Is a hearty but no ^ 
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CIECULVTIWI m Ilt»KCta- 
fl, the great docfal Tpaiu^L 

blood- vessels j and since tlie air, by the air- tubes extending from the 
surface J has aecess to all parts of tbe body, there is only one kind i 
of blood, namely, tbe arte rial. The dorsal heart extends nearly the 1 
vrbole length of the insect's body ; it is open at the anterior fX-J 
tremityj and by tbia open part the blood issnea to diffuse itself over' 
every part of the body. The contractions of this vessel, or heart, 
begin at the posterior part, and are propagated forwards^ so that the 
contained fluid is pusLed from the tail towards the head. Within the 
vessel are valves, by which it is divided into compartments, so placed 
that tbe fluid can pass forwurds, but not from before backwards. 
The several compartments comnuiiiicatc on each side by lateral slits 
with the cavity of the belly, and these si its arc provided with valves ,. 
BO that fluids eau enter from the belly, but cannot again issue from 
the vessel otherwise than by the opening in front. The nutritive 
fluid prepared m the intestine poreoktes through its walls, and 
mingles with the blood diffused over tbe body from the a d tenor 
openings of the heart; and this mixture of blood and the product 
of digestion passes into the heart by the lateral openings, 

Fn some of the Kadiata a circulation of tbe blood is admitted^ 
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but in this part of Physiology there are too many points of oontro* 
versy to accommodate it to our limits. 

On the Eenovation of the Blood by Chyle and the other Pro- 
ducts of Digestion. — As the blood is unceasingly drawn upon for the 
repair of the constant waste of the solids and fluids of the body, 
there is a clear necessity for its continual renovation. Of this reno- 
vation the most obvious source is the supply afforded of lymph and 
the products of di^stion, chiefly by the thoracic duct, which, as we 
have seen, communicates with the venous system at the upper part 
of the chest, on the left side. 

The most probable opinion as to the ongin of the lymph is, as we 
have seen, that it is the residue of the liquor sanguinis, returned 
after nutrition from all parts of the body, to be again mingled with 
the torrent of the circulation. But whatever its real origin, it must 
be, in any event, derived wholly from the blood, so that it cannot be 
set down as an independent source of renovation to that fluid. The 
chyle, however, does unquestionably contain matter which is inde- 
pendent of the blood, as never having formed any part of that fluid. 
The chyle is indeed the only distinct organic fluid bearing that cha- 
racter. It cannot, however, be affirmed that the chyle consists 
wholly of materials derived from without, and that no part of its 
constitution has been drawn from the blood. It may be regarded, 
on just grounds, as a general rule of organic nature, that the nourish- 
ing matter obtained from without does not become fit to be incorpo- 
rated with the living solids, until it has united itself with materials 
piipared within the organism, and derived from the proper substance 
of the living agent. 

We have already traced the chyle to the food which is received into 
the stomach. In the healthy body that food undergoes a complete 
transmutation ; and until lately it has been universally believed that 
the chyle and the feculent matter discharged from the lower bowel are 
the sole products of that transmutation. Doubts have arisen, on 
grounds to be stated presently, whether the chyle and the faeces are 
the sole products of the transmutation of the food in digestion. It is 
certain, however, that these are at least principal products of that pro- 
cess. However this may be, it is to be remarked that the food is not 
exclusively the material which undergoes transmutation. The chyle 
and the faeces are the result, whether exclusively or together with 
other products of the transmutation, of a mass, consisting of the 
food, mingled with several remarkable organic agents derived from 
the blood, such as the saliva, the gastric juice, or the proper secre- 
tion of the stomach ; the bile, the proper secretion of the liver ; and 
the pancreatic liquor, the proper secretion of the sweetbread. 

If the food be exclusively divided between the chyle and the 
faeces, whatever of the mass of food which does not find its way into 



m 



^ 



SOUBCEB OF EBNOVATION* 



105 



the feculent discharge, must pn^er Into tlic constitution of the chyle. 
Thus, from the clmratter of the feculent nm?s some notion raay be 
gained of the rcUtiou subHisting between the fotxl and the elijlo. 

By weight the feculent muas discharged in twenty-four hours 
equals nearly onc-sixth part of the average daily rjuantity of food. 
The solid part of the discharge amounts to about twenty-seven per 
cent, of the whole, ihe rest being waterj namely, seventy-three per 
ceot. The twcnty-seTen per cent, of solid matter may be distri- 
buted as follows : — Insoluble matters derived from the food^ seven 
per cent. ^ insoluble matters derived from the bowels^ liver, &e.j 
fourteen per cent. ; soluble matterSj coosistmg of bile, albumen, ei- 
tracttve, and salts, six per cent. 

Thus, in the faeces, the nutritive proximate elements of organic 
matter, as already referred to, have almost entirely disappeared j 
there being nothing of that deacripiion in that aceouot, except less 
than one per oent. of alb u me a, while the average aujount of nutri- 
tive matter in the substance of a meal can hardly be estimated at 
k^as than fifteen per cent. Two important facts here deserve par- 
ticular remark,— the small proportion borne by the fa^es in weight 
to the average amount of food, aud the minute proportion of nutri- 
tive matter which that fraction contains. 

Thu^, if the chyle aud the faeces he the sole products of the trana- 
mutEition of the alimeutjiry mass In the digestive organs, the ehjlo 
must take up nearly all the nutritive matter contained in the food, 
as well as much of what is jiot accounted nutritive, together with no 
fimall proportion of the matters secreted by the several organs con- 
oerned in digestion. 

Thus, on the Bupposition made, if the daily amount of food be 
estimated at twenty-tivc ouncesj ihe quantity of cbjflo which passes 
daily into the blood muiit bear a very largo proportion to that quan- 
tity, and to the nutritive substances, or their prt^duets, which that 
quantity contains. 

In estimating the comparative quantities of faaces and Ayle, it 
muat not be forgotten that the chyle is more watery, containing about 
ninety percent, of water; so that twenty-one ounces of chyle con- 
tain no more solid matter than nineteen ounces of fa>cea. As six 
or eight ounces of cbylo may pass through the thoracic duet in one 
hour, it i^ not impossible to believe that from twenty to thirty ounces 
may pass through that vessel into tSie blood, in repented portions, 
throughout the twenty-four hours. The great quantity of the chyle 
required to support the couimon view, hardly tells to its prejudice, 
lint numerous experiments seem to show that true chyle — that is, 
tbe fluid found in the lacteal vessels and the thoracic duet, at a cer- 
tain period after food has been taken, and at no other timo — does 
not contain the chief imtritivo parts of ihe food, or their producfeaj 
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00 that it is forced on the physiologist to consider whether these 
chief nutritive constitucuts of the food can make their way into the 
blood by any other channel. 

The transparent fluid found in the lacteals during £asting has very 
much the same character as the lymph of the lymphatics. The 
transparent contents of the lacteal vessels^ and the contents of the 
lymphatics, alike coagulate, on standing, into a slightly coherent 
jelly. This property depends on the presence of fibrine in a fluid 
form, as in the blood. When white chyle is drawn from the lacteal 
vessels, or from the thoracic duct, along with the constant trans- 
parent contents of these vessels, a coagulation takes place ; but this 
coagulation is plainly due to the coagulation of the transparent fluid, 
by which certain particles proper to the chyle are entangled. The 
white chyle itself contains no fibrine; it consists, as it would seem, 
exclusively of fatty matter in a state of extreme subdivision. 

To recapitulate these facts : — 

1. There is at all times in the lacteal vessels a fluid exactly simif 
lar to what exists in the lymphatics throughout the body. 

2. This fluid, common to both kinds of vessels, coagulates, owing 
to the presence of fibrine. 

3. There is no more fibrine in the fluid collected from the lacteal 
vessels, when they have acquired a white colour after a meal, than 
when they are colourless. 

4. After the longest fasting, there is still found in the lacteal 
vessels a coagulable transparent fluid, containing the same amooat 
of fibrine as the lymph. 

5. If an animal be fed on food from which all fat has been care- 
fully separated, the fluid in the lacteals does not acquire the white 
colour seen under other circumstances after a meal. 

6. When an animal is fed on food free from fat, there is a marked 
difierence in the state of the lacteals, their contents being either 
wholly or nearly free from the white colour. 

It hence appears necessary to assume, contrary to the long received 
opinion, that there are other products of the transmutation of the 
food, mingled with the secretions before enumerated, than chyle and 
the feculent mass, and the next step is to seek positive evidence in 
favour of such an assumption. 

It is undeniable that fibrine, albumen, caseine, and the like, are 
contained in the food. What, then, has become of these constituents 
of the food, if they be found neither in the chyle nor in the feculent 
mass, either iu their original form or in a transmuted state ? 

On this point we shall quote a passage from a work of high autho- 
rity in Physiology, in prefercuce to expressing this great deviation 
from the received view in our own words. The passage, however, 
may require one or two words of previous explanation. 
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It lias already teen explnlned that the whole alimentary canal j 
from the mouth to the estremity of the rectum, is lined by mncouB 
membrane. On that part of 
the mticous membmTie wiiich 
forma the lining of the small 
iutcstineBy and quite peculiar 
to that portion of the raucous 
memhrane, there are minute 
processes termed villL These 
proceasea nre very numerous, 
giving to fiir the greater pnrt 
of the inner surface of the 
small intestines an sppearauce 
like that produced bj the pile 
of velvet. Their kngth in 
man is from oue-sixticth to 
one-forty -iifth of an ineh. 
Each villus is covered by epi- 
thelium. The ca'i'ity of each 
villusj besides blood-vessel!^, 
contains one or two small 
lacteak The villi beeomo 
turgid during ordinary digc^ 
tion J the epithelium ^ which 
closes each cavity, ia cither wholly detached, or becomes turgid with 
the m altera pas^iug io wards to the cavity of the villus. After this 
explanation of the nature of a viilusj we cite the passage to which 
we have referred : — 

*' It was evident in these expernnents that the marked eontrast 
between the state of the contents of the lacteals, and the condition 
of the villi, was connected with the presence or absence of fat in the 
food, and that so long as the food was purely albuminous or fibrinon^j 
or mainly amylaceous, the chyle was transparent, and the villi appa- 
rently inactive; but that the addition of fid to the food called the 
villi into activity J and filled the lacteal s with an abundjint milky 
chyle. 

** Are we to infer, then, that tbe keteals absorb fatty matters only, 
and that the villi are altogether inactive, save when fntty or oily 
matters are to be iibeorbed? Wo apprehend that such an inference 
is not justilinble. It may, however^ he concluded that the villi and 
the lactealg arc capable of absorbing all substances which the blood- 
vessels absorb^ and by a simple process; but that the absorption of 
fatty ni altera devolves upon them only^ and is a more complex pro- 
cca^j involving considerable changes in their tissue. 

*^ And upon similar grounds we may conclude, that while albn- 
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minous and fibrinous alimenta contribute to Ibe formation of cliyle, 
they do not necessarily undergo lUe change into chyle in order to be 
absorbed. But fatty nmttcrs appear to admit of absorption in no 
other way, except by a reduction to tlie state of molecular base of 
the white chyle. 

** These observarions and experiments denote sufficiently clearly 
that two channels exist for the transmission of the nutritions mattei 
from the intestines to the blood j one through the laeteals to th< 
Tilli f the other directly throngli the walls of the blood- vessels them- 
selves, blatters taking the latter route must pass through the llverj 
and would be subjected to the iofiuence of that gland before the; 
reach the inferior vena cava and the right auricle, while thi 
passing through the former ehannel must permeate a totally disticn 
system of vessels, nainelyj the lacteal system, to be conveyed to 
snpcriQr vena cava, and to the right auriclej where, having mingled' 
with the blood coming from the liver, both are transmitted by th^ 
right ventricle to the lunga. And it would seem that the object of 
the two RiodeB of absorj>tion at the intestine, and of tlio two pathsJ 
of transmission from the intestine to the centre of the circulation, u 
to keep separate^ up to a certain point, two kinJs of material resukm^ 
from the digestion of the food* Aed probably the reason why om 
kind of product ia reserved to pass through the intricate capillai 
plexuses of the vascular system of the Jiver, to tho eselusion of 
other, is beeauso it contains material out of which the liver may e! 
borate bile, whilst the other material ia transmitted through a lei 
complicated series of channels tnore directly to the lungs/' — Phi/di 
logical Anatomy ^ by Todd and BowmaUj p. 591. 

It seems impossible, then, to evade the conclusion that tho rem 
vation of the blood is not due solely to the supply conveyed to ith 
the chyle ; and that a most important part of that whicb digestioi 
prepares for the repair of the circulating nutritive fiuid is derives 
directly by absorption from the internal surface of the stomach an< 
intestines. Under this view all the products of the transmutation: 
of the mass of food and the mingled secretion Sj except the chyle ^u( 
feculent matte r^ pass through the circulating system of the Hver^ 
since the veins of the stomach- as well as the veins of the intestineai 
contribute their blood to the contents of the portal vein^ whichj in, 
its course through the liver, secretes the bile. 

When the small amount of the feculent discharge — not exceedini 
six ounces in twenty-four hours — is compared with the quantity ofl 
food received into the stomach in the same period, augmented as ll 
is by admixture with the saliva^ the gastric juice, the biliary dii 
charge^ and the pancreatic liquor, it is seen that no inconsiderabh 
proportion of new material is transmitted daily from the alimentary 
canal into the current of the circulation for the renewal of the bloody 
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end to fife it for the several officea wliict it has to perforra. The 
aggregate of these i?cvf ral secretioD? raingled with the food, raiist far 
exceed the average weight of the feealcDt discharge. The quantity 
of biii3 alone, secreted ia twenty -four hours, must exceed the amount 
of the feculent discharge. The quiintity of bile afiForded to tlio duo- 
denum in twenty-four hours has sometimes been carried far beyond 
this estimate; Ibr example, to the extent of from Eeventeeu to 
twenty-four ounces ; but more exact oBserrationa show that from six 
to eight ounces come uearcr the truth. 

Thus, at the most moderate ealeuktion, the blood receives daily a 
quantity of material for repair equal to the whole weight of the food 
taken into the stomach. As, however, the secretions with which 
the food is mingled in digestion, are a direct tax ou the hlood, it 
may seem more correct to estimate the daily addition to the blood 
simply at the weight of food taken into the stomach, diminished by 
the weight of the feculent matter; so that the average daily addition 
to the blood by digestion may be taken at from twenty to thirty 
ounces. • 

The food, as we have seen, consrists of the same chemical element^^j 
aa the soli da of the body and the blood itself] so that the supply of 
renovation which the system duily receives permits a corrcBponding < 
loss — let UB say of about twenty-five ounces of its substance. This 
knowledge marks a great era in the progress of Physiology. It is 
the triumph of the Physiology of our day to have shown the exact 
accordance between waste and supply in the Minimal economy; to 
have shown J on the one hand, the harmony between the chemical 
composition of the vsrions solids of the body and the chemical com- 
position of the blood ; and, on the other hand, the harmony between 
the chemical eomposition of the food and the chemical compositioa 
of the blood. 

A few words are necessary , in addition to what was said in an 
earlier section of this treatise, on the changes which the food uoder- 
goea before it becomes fit to be received into the blood. 

The alimentary canal consists of a succession of hollow organs, ia 
which peculiar changes occur. The first cbange which takes place 
is the admixture of food with saliva under the act of mastication. 
The saliva contains less than two per cent of solid matter, the rest 
being water. This solid matter coDsists of organic substance.^ and 
sails. Part of the organic matter is composed of epithelium which 
has separated from the mneous membrane of the month j the rest is 
a peculiar matter, to which the name of ptyalin has been given. It 
is probably nothing more than a species of animal extractive, com- 
mon to many fiuids in hving bodies. Among the salts fonod in the 
saliva, one deserves p^irticular notice — namely, the sulpho-cyauidc of 
potassium, which gives a red tioge with pcrbalts of iron* 
10 
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Id the stomach the gasitric juice effects itoportant cbangee. Tbti 
fluid has the property of dissolviog fiesh and otber artielea of food i 
out of the bod^f when a proper temperature is prefierved j and an in- j 
fasiou of the mucous membrane of the stomach, with the addition 
of some acid, fluch as the munatie aeid, has the sarae effect- — a pro* , 
perty, although in a slighter degree^ also poseegfiod by the mucous t 
luembrane of the duodenunij but not by uiucous membrane taken ] 
from other ofganp of the bdiy. It Las hence been jsup posed that a ^ 
peculiar organic principlej to which the narae pepsin has been be- . 
ptowedj exists in the gastric juice, and ia the proper agent in these 
effects } but which, how ever, has not yet been separated in a distinct J 
form. No mere acidulous solution acts in this manner on aliment 
The solution of the chief animal nutritive principles by the gastric i 
juice is so complete, as to create no difficulty in the hypothesis that 
the dissolved matters may pass at once into the veins of the 
stomach. 

In the duodenum, which is a species of second stomachy the tnasa 
which has descended from the^tomach, termed chyme, ia subjected 
t^ the influence of the bile from ibe liver, and of the pancrcJititj 
juice from the sweetbread. 

Tlie Bile, — The analysis of the bile has caused much trouble to ' 
chemists. It is an animal soap. The peculiar substance which it 
contains is named bilin. Besides this, there are salts, mueus^ and 
ninety per cent, of water. According to other views, bile is essen- 
tiiilly a solution of a salt of soda, formed by combination of the 
base with two peculiar acids — namely^ the cholic acid and the cboleio 
acid I the latter acid containing sulphur. 

The following extract from the work already quoted, exbibits an 
excellent summary of the latest conclusious as to the uses of the J 
bile :~ ^ 

** 1. That it secretes a highly complex fluid, which is poured into 
the intestinal canalj and there undergoes decomposition. Its colour^ ^ 
iug- matter (cholepyrrhinj or biliverdin) is carried off in the excrc- 
men ts J and may possibly assist in stimulating the action of the iutes- ^ 
tine. Its fat is in great part, at least, absorbed by the villi* So 
much of its fat as is not thug acted upon contributes to form the 
fjEces. Its salts, alsOj are probably carried off in the faeces. Other 
of its elements contribute to the digestive process, by promoting the 
solution in the bowels of some kinds of food which have escaped ' 
the solvent action of the gastric fluid. What these elements are, ' 
and what kinds of food they serve to dissolve, we have yet accurately 
to determine ; it seems certain, however, that it exercises no solvent , 
power over fatty or oily matters, and probable, that it acts upon : 
a^otized matters. 

'^ 2* The liver forms sugar and fat by chemical prooesses in 
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cirouktioHj independently of any direct or immediate 
tliuse gub&tuDcea iu iIjo alirneuts. 

** 3, Tiie liver 19 a great cuiunctory; it eliminates 
matters, some direetly^ as tbe colon ring- matter of the liiie, wumtt 
at once thrown out in the tsoccs ; others indireetlyj as fat and sngar^ 
which, passing to other parts of the circulation, are more or lesd 
acted on by osjgen and eliminated as carbonio acid and water. 

^^4, The liver eon tributes largely to the maintenance of general 
nutrition ■ first j by aiding in the solution of certain aliments in the 
intestinal canal ; and secondly, by furnishing food to the calorifacient 
process. "' — {Op. cii.f p. 606.) 

Pancreatic Liquor, ^ The panereatio liquid is a colourlesa limpid 
fluid J viscid and gluey. It has an alkaline reaction, and is neyer 
acid or neutral. It coagulates by heat like white of eggj becaming 
completely solid. The eoaguluble principle of the pancreatic liquor 
resembles albumen^ but is not identical with it. The pancreatic 
liquoFj or a piece of the pancreas itself, transforms starch into sugar; 
and its peculiar property is that of digestingj by a peculiar modifi- 
cation, all the neutral fatty matters met with in the food. When 
olive oil is mixed with fresh pancreatic juicOj and the mixtnro 
thoroughly agitated^ n perfect emulmm k formed, and a liquid similar 
to milk or ehyle resulta- No other animal fluid poFsesses this pro- 
perty. The pancreatic liquor, then, seems designed for the epecial 
digestion of oils and fttt. 

Such, then, are the agencies by which the food is prepared to 
mingle with the blood fur ita renovatiuu. 

On the Pmiflcation of the Blood. — We have seen that the new 
products supplied to the blood in the process of digestioUj take two 
channels into the venous pystem — part passing along with the venoua 
blood ga the red from all the organs concerned iu digestion, to be sent 
through the Hvcr for the aecretiou of bile; part passing by the lac- 
teal vessels and the thoracic duct to a vein in the upper part of the 
eh est J so that it is transmitted directly to the right side of the heart, 
and thence, still along with venous blood, sent through the luugs. 

The blood is purified, after the admixture of the new supplies, by 
the liver and the lungs; hence the liver and the lunga have some- 
times been named the Great Emuuctories of the blood. A third 
great emunctory has to be added, namelyj the kidney* By these 
three orgaus the blood is purified, and rendered fit for the mainte- 
nance of the several organs and parts in a state of health. 

The Liver* — It is unquestionable that the liver secretca a fluid — 
namely, the bile — which is of essential service in the prooesa of 
digestion ; but there ure, nevcrthcki53, the best grounds for the belief 
that by the act of preparing this secretion, the liver separates some- 
thing wbich^ if retained, would prove injurious* 
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iiatrition of the liver iUelf and the gall bladder. Thu^j as WM 
a) read ^ staW^ tbe hcipatic veinsj the radicles of which comraunicate 
directly i?ith the ruiuute divisions of the portal vein^ return to the 
great venous trunk of the abdomen all the blood sent out by the 
three arteries named the csgIuiCj the superior meaettterie, and the 
inferior mesenteric* 

And ttiia arrangement prevails througliout tbe order of mammals; 
while in tbe rest of tbe vertcbrated orders a vein corresponding to 
the portal vein is formed bj the union of veins derived from the 
pelvis as well as the abdomeUj and supplies the kidneys aa well as 
the liver. 

The Limgfs and Respiration. — As the liver at once produees a 
fluid subiiervient to digeedoOj and effects a certain purification of the 
bloud, 80 the lung performs a most important office of purification 
of the blood J while by that same act it further generates the heat 
necessary for the maintenance of am ma I temperature. 

It is clearly established by chemical evidencOj that whenever car- 
bonic acid is formed by tlie union of carbon and oxygen, beat is 
generated. With the air thrown forth in expiration a large propor- 
tion of carbonic acid gas is mingledj while the air taken in by inspi- 
ration contains no more than a minute proportion of that gas. The 
organs of respiration, indeed, in all aninmls, are continually engaged 
in throwing off from the system carbonic acid gas* During this 
process of respiration, on the other hand, a quantity of oxygen gaa 
is continually disappearing from the surrounding air. Tiic air which 
passes into the lung in inspiration contains about twenty per cent, 
of oxygen ; tbe air which comes forth in expiration cod tains but a 
very smalt proportion of oxygen gaa, the place of which is nearly 
supplied by tbe carbonic acid gas already ppoken of It bas been 
already shown that a large proportion of car hen exists in the con- 
stituents of the body, as well as m the food daily taken into the 
stomach ; hence it is impossible to doubt, when joint reftirence is 
made to these several facts, that a alow combustion goes on some- 
wbero within the lung system, by which carbon and oxygen are 
united into carbonic acidj while, aa on every such 'occasion, beati« 
produced, 

Such, then J is the essential character of the fnnotion of ^^^ 
in the animal kingdom — the purification of the bh 
c»Jinbustion of carbon, labile that same eomhu 
animal temperature. 

In ma mm a Is the mechanism of respiratiot 
^>Diform plan. Even in the cetaceous anim 
nns consequent on their mode of life hart 
ijig of a subordinate character. In * 
tbe itiECtian of respiration for the 
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particularly eieniplificnl. Tiny live ia a nic<]mm wLicli abstractE 
beat from tlie aurfiice in a fur more rapid ratio tban mr^ and most 
of tbe tribe live in tiic very coldest seas ; uevertheles^j their tem- 
perature ratbcr exceeds thut of man and naamitials in general. 

The mecbanijtm of respiration in mammals it is not difficult to un*] 
dcrstand. Tbo lung is an extensible elastic air-bag, encloied in ihttl 

cavity of the che&t (see p, 95), Ift 
that cavity tbo lung bangs nearly ] 
-^that is, tbe surface of the lung is^] 
with slight exception J simply in contaeM 
Tvitb the inoer wall of the cbest, witb-' 
out adhering to that wall. The luog j 
alooe commoniciites with the externMj 
atmosphere^ there being no passage by I 
which uir can penetrate into tbe cavityl 
of the chest^ — that is to say, by whickl 
it can insinuate itself between the outerl 
surface of the lung or air-bag^ and tli«f 
inner surface of the wall of the chest;! 
The walls of the cbest close in abovt] 
around tbe windpipe, which is of nan 
row diameter, ascending from the lung 1 
to reach the mouth. By the windpipf I 
tbe air freely cDters every part of thtj 
hcaltby lung* The lung, or bag of air| | 
of necessity fills the actual cavity of 
the chest, and applies its outer Eurfa^e 
close to the lining membrane of ihtj 
caviiy ; because, were any part of thfl 
lung to collapse, or withdraw itself 
from tbe wall, a vacuum would be pro* 
duced; but such a vacuum is impossible, so long as the lung li 
everywhere freely extensible, and the air has free access, throngb 
the air- tubes connected with the windpipe, to every part of tbe lung* 
Tbe lung itself is passive, or nearly passive, in respiration. The 
chest is capable of alternate expansion and contraction. This aUer* 
nation of change in the capacity of the clieat is produced by rousctt- 
lar contraction, assisted iu expiration hy the elasticity of certain 
parts» Tbe expansion of the chest is wholly a muscular actj and 
its contraction, when moderate, is altogetber dependent on the phy- 
sical properties of its walls. When the chest expands, the I an g or 
air- bag closely follows^ being dilated in exact proputtinn aa the chc^t 
expands. \Vhcn the cliest contracts its cavity, the lung or ^ir-bag 
being ccmprcsscdj still exactly fills the chest, while tbe superfluous 
air ia thrown out. When the chest expands Tery slowly, the dr 
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uuy eiikr as fa&t as t be lung dili^es, and tbeii no appreciable rare- 
fiJGtioTi can take place on the air throughout the Mir-ct'lls, But when 
ike cheft expands rapidly, the air catmofc enter by ibe windpipe fast 
enough lo keep pace with the dilatarion of the lung. Why, then, 
does the lang dihite alao in this case? Pliiinly owing to the univer- 
sal tendency of air to dikto when previnus prvs-sure is dinai Dished. 
This is an important point in the niQebanism of respiration, bi^cause 
this tendency in air to dilate and distend an extensible bag like the 
Inngj counteracts the atmospheric pressure on the estemal walls of 
the ehestj and much facilitates the further enlargement of the chest, 
WlieiievcT, then, in innpiration the chc^t expands somewhat rjpidly, 
the air throughout the lung propDrtionahly oxpimt^s hy its dilatahility 
on the retnoval of prcssmrc, and therefore becomes rarefied^ so that 
it h no longer equal to the support of the weight of the atnoospherie ' 
col am n J which therefore descends by the windpipe, until an eqnili* ] 
briuni is restored. Authors frequently term the dilutability of air 
on the diminntion of pressure^ elasticity. This is not absolutely 
incorrect, but it plainly creates confusion. When air is compressed 
beyond the density at which it exists under the onlinary aim osph eric 
press urcj the recovery of its fcjnuer volume is properly ascribed to 
its elasticity. But as conventionally we Rpoak of bodies in general I 
as being solid, liquid, or aerifornij according as they exist in any one ' 
of these states under the ordi- „ 

nary atmospheric pressure j so, 
if elasticity be defined that pro- 
perty by which a body recovers 
its former volume when com- 
pression is removed, we should 
reter to the expansion of air, 
when the ordinary atmospheric 
pressure is diminishedj hy an- 
other term than elasticity, as 
that implies a term to some con- 
dition other than that under 
which it exists in the circum- \ \ ] 

itanccs prevailing at the earth's \ ^ ■. g jl ')|h 2 

surface. 

In birds respiration ia more 
energetic than in trnimmals. 
The temperature of their bodies 
is somewhat higher — that of 
mammala being rather below ^ 
lOU'^ Fahr,, while that of birds 
ia often some degrees above 
that point. The lung or proper air-bag of birds is not larger propor* 
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tionately tban tljc lung in ninnimals; mort^over it 15 fixed, hardly 
dilatable^ and dot? not fill the whole cavity in which it is eontdned, 
like tho lung of nmrnmab. But in birds the air penetrates to 
almost every region of the ho<iy, and particularly into the abdominal 
cells, which freely communicate with the divisions of the wiDdpipc. 
The whole trutjk^ in short, forma one great respiratory cavity; and ' 
when the expanded breast-bone is drawn downwurda frona the verte- 
bral column J acting like a great bellows, it sucks air into the whole 
cavity, and by its ascent again expel 9 it. Birds have no proper mid- 
riff or diaphragm, by which, in mamtnalsi the chest is closed iti 
belowj and divided from the abdominal cavity. | 

In reptiles the respiration is of a much less energetic character 
than in mammals and birds, Theise animals are consequently cold- 
blooded : that is, their temperature nearly accords with that of the 
mcdiam in wliich they live. 

The lungs, however, are generally of great size in reptiles, as com- 
pared with the bulk of tho whole frame. The pulmonary cells are 
much larger than in mammals and birds, and sometinies the lung 
degenerates into a mere membranous hag without partitions. As 
the lining of the minute air cavities in the higher animals ia the 
membrane in which the blood is subjected to the inflnencc of the air, 
it follows that the smaller the air-cells are the greater is the extent 
of the tissue in which the blood is exposed to the action of the air j 
so that^ notwithstanding the ai^e of the lungs in reptiles, a much 
smaller proportionate quantity of blood is brought into contact with 
the air in a given time than in the higher orders of animals; since 
they, in the figgregate, have a most extensive lining to the interior 
of the aircavitiesj owing to their very minute subdivision. 

In a few reptiles respiration takes place by gills, as in fishes. Tha 
Perennibrauchiate amphibia^ as they are named — of which the Lepi- 
dosiren is an example — possess both lungs and gills. The frog in 
the tadpole state breathes by gills ; in tho mature state by lunp. 
In the frog, as in some other reptiles, inspiration is performed on li 
plan altogether different from what is observed in the higher order?, 
and the air may be described as being swallowed. The mouth is 
very capacious. The jaws are first closed, and then the mouth being 
dilated, the air enters by the nostrils and distends it; then by the 
compression of powerful muscles, while the nostrils are closed by 
vaivesj the air is forced to descend into the lung* It is subsequently - 
expressed, as in the deep expiration of the higher animals, by tfao^ 
action of the abdominal muscles on the chest. 

In fishes breathing takes place solely by gills. The water which - 
is impregnated with atmospheric air is taken in by the mouth, and * 
forced out again by the apertures on each side of the neck. It is * 
thus made to pass between the gillsj which form a set of combdikei 
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TOscukr fringes, supported upoti a system of bones termed the bran- 
cliiul urcbeii, Tbesc arcbed are general! j four ia number on each 
*stde, aud are attached by one extremity to an iDteruiediate cbaiil of 
bones situated opposite tho middle of the neekj be bind the byoid 
boac, while by their opposite extremity they are joined by ligaments 
to the under surface of the skull 

A branchial arch ia made up of Beveral pieces joined together by 
lig^meiits, the whole being perfectly flexible, and the edges defended 
by little otseous plateSj commouly armed with teelh i and the arches 
are so placed as to prevent the food taken into the mouth from being 
forced out through the branchial fissures with the stream of water. 

The function of respiration is matiifesily the game in fishes as la 
the higher animals^ nuniely^ purification of the blood and the main- 
tenance of animal heat. 

Of molluBcs the chief part breathe by gills; some however breathe 
air by organs corresponding to lungs. 

The cephalopdsj aa the cuttle^ nautilus, &c,, have two gillsj one 
on each side of the muscular sac formed by the cloak. These gilla 
have the form of a. compound fern leaf^ and are contained within the 
viiiceral sac. The water enters through a valvular aperturej and is 
eubsecjmrntly expelled with force through the funnel. 

Of the gasteropods, the terrestrial spticiez?, such as the slug, snail, 
limpet, and welk, breathe air whieh is alternately drawn in and 
expelled irom a cavity lined with a vascular network. To these 
species I lie name Pulmobrancbitita has been given. All of these do 
Dol absolutely live on landj but such of them as inhabit the water 
must frequently rise to the surface for the purpose of breathing* 

In the marine gasteropods there are gills variously si tuattjd. The 
Eituation of the gilhi in this order bus been U^keu as a principle of 
arrangement. Thus, in the Nudibranehiata^ the gills arc naked and 
placed upon some part of the back ; or, as in the Triton ia^ along its 
entire length. 

In the Jnferobranehiata, the gills resemble two long rows of leaf- 
lets placed on the two sides of the body under a projeetiog edge 
formed by the mantle. 

In the Tectibninchiata, the gills are on one side of ihe body only^ 
concealed by a fl up derived from the mantle- 
In the Peetinibranchiata, the giils are placed internany in a large 
cavity J into which the water is freely admitted, as in all the spiral 
univalve sea-s hells. 

In the Concbiferous Molluscs, which include the oyster, mussel, 
scallop, eotklc, solen^ &c.j the breathing apparatus is elaborately 
contrived. The gillM are in the form of fringes, sometinjcs termed, 
in the oyster the beard. Every filanncut of the branchial fringe, by 
the help of the microscope, is found to be covered with innumerabk 




118 



RESPmATION IN FISHEg, IKSECTS, ETC- 



cilia J or ejelasli-IiJse processes^ In constaDt vibratioD, thua producing I 
rapid curreiitb in tht* wstterj wbicb sweep over the eDtim em face of I 
the giHs, performing tiic double office of aeniting the blood, and caiw 1 
lying towards the mouth tlj<3 floadDg animaeulcs ot other nutridoM ] 
particles which may be spread around. I 

In the Crustaceous animaU, 8uch as the lobisterj the crab, and the I 
crayfish J there are fringes and tufta variously disposed ^ which serve I 
the purpojse of gills. In the lobster there are pyramidal tuflsj con-pf 
Existing of a central stem covered with vasenkr filaments, in whic^ 
blood-vessels ramify, I 

The Ara-ehnidiaogj or spiders, are divided into two sections, foundei i 
on a difference in their mode of respiration. The Traeheareau I 
Arachnidians, to which the mitea and itch insects belong, breatbe as I 
we shall firl insects to breathe, by means of air tubes opening upoilT 
the surface of the body^ by which the air is conveyed to every part I 
of the syatem. The Pulmonary Arachnidians, of which the trual 
spiders and the scorpion are examples, breathe by lungs, or pulmo- ] 
nary branchia, as they are termed, aa combloing in some mcaaure J 
the characters of both lungs and gills j their respiratory organ being I 
a bag containing folded kminas, on which the air, and perhaps SOKI6' I 
times water, acts, I 

In insects, the air is conveyed by means of air tubes and bagil 
opening 00 the surface of the body, thus at once aerating the blood, 
and giving to the frame that lightness necessary for flight tbrouglj 
the air. 

The bee breathes by respiratory bags, of which it has two, opening] 
on the surface of the body by two holes— stigmata, as they are called— 1 
and giving rise to several hraoched tubes* On the other band, the! 
respiratory apparatus of the grub of this insect, as indeed of most j 
others, is esclusively tubular; and these tubes have a very different I 
distribution from that whicb they present in the perfect insect. The I 
same is the ease with the caterpillar of the silkworm ; but even itt 1 
the perfect animfil the respiratory apparatus, in this instance, is I 
tubular alone. Of these tubes one large one runs along each aide of \ 
the body, and gives off, opposite to each of the numerous openiiigfrl 
upon the surface, two seta of bi-anches, one to the lower part of the f 
body, and the other to the upper, in such a manner that the former J 
branches go chiefly to the muscles moving the feet, and the latter I 
to the dor&ul blood-vessel and to the several entrails, which in insects | 
are always situated near their back. The stigmata, or orifices of the 1 
respinitiiry tubes, in the caterpillar of this insect, are furnished with] 
a kind of lips, which opeu or close them at pleasure; and it is pro- 
bably, by a sjoiilar apparatus, that all terrestrial insects regulate thff 
iugrcss and egress of air employed in respiration. But some terres- ] 
trh^l in seels are capable of respiring even under watei 
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laeans hj wbich tbej do this are extrcmelj cunoiis* In general 
tbcj carrj down with them a considerable portion of air in the inter- 
stices of the hairs with which their bodies are covcrcdj aod wbicb 
con ti Dually exuding an oily fluid prevents the water from coming ia 
contact with it; they breathG^ therefarej under these circum&tances, 
in a kind of natural diving-bell. In some insects, however, such oa 
the water scorpion^ the air tubes, instead of this eontrivancej are pro- 
vided with long proeesses extending from the posterior part of the 
body, the extremities of which, beiti^ always above the watery fur- 
nish them with a constant eupply of fresh air. They are, in fact, 
a kind of wat-er serpen tj or cetaceous animal, in this respect; the 
bulk of their bodies being under wator, while their a piracies^ or the 
boles through which they breathe, are dbove it. In all insects which 
fly J it seems to have been the object of nature to carry rather the 
air to the blood than the blood to the air; and how excellently 
adapted to this purpose is the tubular and ramified structure of their 
reepiratory apparatus must be sufliciently evident. 

In the Myriapoda, such as the multipcdca and the centipedes^ 
tbe air is taken into the body through a scrica of minute pores or 
spiracles, placed on each side along the entire length of the animaL 

In the Annelida, or red-blooded worms, of which the leech is an 
example, a series of membranous pouches is provided for respiration^ 
into which narrow ducts open, by which aerated water enters. 

In the inferior tribes traces of respiratory organs are still disco- 
verable, though they are so various and so obscure as to render it 
impossible to comprehend within our limits any particulars of these 
most rndiaientiiry forms of the function. 

The Kidney. ^The urinary organs do not occur in the non- 
vertobratcd animals. They appear for the first time in fishes. 

The kidneys are voluminous in fishes. They are composed of 
microscopic tnbuli, which terminate in the larger uriniferons tubes, 
termed ureters. 

In some reptiles the kidneys are lobed, and in the higher speeiea 
have much the same structure as in birds. 

In birds the kidney consists of several distinct lobes, connected 
by the branches of the ureters^ and, in many respects, approach 
nearer and nearer the character of the kidneys in mammals. 

The Btmcture of the kidneys in mammals is somewhat complex : 
the blood from which the secretion is derived is arterial blood. The 
kidney consists of two substances j the corticalj or outer surface, and 
the internal, or medullary. Of these the former is the most vascu- 
lar, and the latter chietly composed of uriniferous tubes. The 
blood-vessels undergo a peculiar mode of convolution into minuto 
masses, which are termed " Malpighian bodies."* The tubules do 
not communicate directly with the blood-vessels. The score tioQ| ' 
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Fig. 5L however, first takes place id these tulrales, 

which gradually unite, and fiuiillyj undetJ 
diiferent namea, convey the secretion iDtl 
tho eanuls by whteh it ib transmitted to tb 
bliiddcr. 

The urJnaTy secretion la plainly of 
importance in the antmul ecoaomy* Whed 
this secretion is interrupted death Fpeedill 
tdkea place j and the kind of deatb vhh^ 
ocour.f 13 regarded aa a speeieg of poisoning 
owing to the blood becoming contamiriatei 
with noxious chemical produetSj whiclj 
should have been thrown off by the 
cretion. 

Urea and uric aeid nvo the two tuosI 
remarkable suhstances known to exist ii^ 
the urine. Between four and five hundr 
grains of urea are thrown off hy the kidj 
ney from the living sygrem in the adult 
male. The quantity is considerably less in 
females, in children, and in old people. 
The quantity of uric acid thrown i>if jn 
twenty- four hours is much less, being har<31y more than one4hirt.ietH 
part of the quantity of urea. Both these Bubstauces, as beforflj 
stated, contain a large proportion of nitrogen. They arc producti 
of the disintegration of tbe solids of the body. The saline raatterii 
contained in tbe urine for tbe most part have a similar source. 

Urine contains about seven per cent, of solid mntter tn ninety* 
tliree per cent, of water. Of this solid matter about three per cent 
are urea, one-tcnth per cent uric acid, b^ilf per cent, phosphates. 
As the phosphates exist in the solid partt*, one i^ouree, at leai^t, of 
these in the urine is tho disintegration of the solids of the bo<iy. 
After Tery violent and long-con tinuod eiercisOj the urine is observad 
to eon tain an unusual abundance of pbosphaten. There can be no 
doubt of the general truth of the propoiition that the great purpose 
of the urinary secretion ja to convey out of the 4«y9tem certain che- 
mical products^ arising from tbe disintegration of the living parts, 
though the precise series of chemical changes which take place ba 
not yet fully determined. A general view, then, of this subject is 
all that is compatible with tbe plan of this treatise. 

We speak currently of the effete matter of the living system being 
continually thrown oW, and that such a separation is esseutial to the 
well-being of the body. It is not remarked, however, thst merely 
slightly altered or exbauBted portions of the various tissues, such ua 
boucj cartihigC| muscle^ tcndou, nervcj and blood-vessel, are thrown 
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off m those procesaes by which effete matter is got rid of. It has 
long been Doticed tbat the fluid contaioed in those veBsels, which 
have b«0T3 supposed to perform what is termed interstitial absorptioQj 
IS homogeneoua, and that it never shows sigOB of having been derived 
from the disintegration of any such solids as those above enume- 
rated. Hence it was always concluded, in former timeSj that these 
absorbent vessels had not only the property of taking up the effete 
matter at the points where it formed, but that they had also the pro- 
perty of decomposing such eiFete matters, and of converting them 
into such a homogeneous fluid as is found in the absorbent voa^els. 
It seems now, however^ very doubtful if these absorbent vessels take 
up anything else but liquids ; since it is far more probable that the 
process by which solid parts are absorbed, consists, firatj of a chemi- 
cal decoTi* posit ion of the solid, under the influence of the oxygen^ 
conveyed to all partij of the system by the arterial bloodj by which 
it 3i reduced to a soliible form, and then of its transmission through 
the coats of the minute veios into the blood. Tbus the saline mat* 
tersj such as the phosphates contained in the portion of solid living 
substance disintegrated, becomes at once mingled with the blood | 
while the organic tissues, as consistiag of oxygen^ hydrogen, carbon, 
and nitrogen, are converted into water, carbonic acid, urea, and nrie 
acid. 

We may judge of the extent to which this conversion goes on from 
the continued renewal of the blood and the solids of the body, which, 
while the same weight is retainedj cannot take place without a cor- 
responding removal of such part-s aSj by the progress of development 
to maturify^ have reached the stage of decay and disintegration. 
The component parts of the living solids plainly undergo changes 
analogous to the growth, the maturity, the decay and death of the 
whole body. The new portions of nutriment supplied by the blood, 
in its successive circulations, correspond^ at first^ to the embryonic 
development of a young iodividual. By degrees these parts advance 
to maturity, and begin, after a short period of efficient service, to 
lose the energy of their vitality; so that they are now ready to 
become the prey of the ordinary chemical affinities of their compo- 
nent elements, and, under the action of the oxygen conveyed by the 
arterial blood, they become again reduced to matter but one degree 
removed from the inertness of the dost of the earth. 

Of the SEip of Veg^etables. — Tho proper sap of plants undoubt- 
edly eorrcspcMids to the blood of animals. By proper eap, however^ 
we are to understand not the ascending but the descending sap — 
that which, after its ascent from the roots, has undergooe an elabo- 
ration in tbe leaves, so as to be prepared to afford to the several 
tissues a new supply of their proper substance. 

The crude or ascending sap is totally diJFereul from the elaborated 



Bftp. For example, tbe crude sop of a plant, \vhen flowing upwards 
in abundance, may aflFord a refreshing drink, tliougli, after elabora-J 
tiOQ in the leaves, it may become of a poisonous nature. The £u^l 
phorhia eanarunm ia the plant whicb affords the re^n eupborbiuml 
of tbo shops, formerly employed as a blitteriug Bubatauce* Tbifl 
plant the inbabitants of the Canary Islands are said to tap, and draw | 
off the ascending current for the purpose of refreehment, notwith-J 
Btanding the acrid character of the lap after elaboration* I 

Tbe descending or elaborated sap abounds in globules, and ofteHjiJ 
after being wilbdraivD from the plant, undergoes a species of coagitrj 
latjon. This &ap— the proper juice or blood of the plant — plainlj] 
contains the materials of the solid parts wbich compose the stmo*! 
ture of tbe plant, as well as those which enter into its various b*c 
tions and excretions. 

What, then, is the foundation of the difference between th^ela*! 
berated or descending sap, and the ascending or crude &op? In I 
the first place it is evident that crude sap does not contain all thai 
materials which, by a certain transformation, may be converted intofl 
the constituents of the perfect sap. Whence, then, are thoee neirl 
materials obtaiped, which, being ad Jed to those of the crude -sapij 
explains the development of tbe perfect sap ? It is plainly the offio 
of the leaves to add those nev7 materials. 

It has been a prevalent idea that the leavesi of plants correspond] 
to the lungs of animals, and that their use is merely to ventilate oef 
purify tbe crude sap, as the lungs do the venous blood of animals J 
A more exact ecrutinj of the office of the leaves shows that they I 
are the channel by which a most important part of the food is cofi-l 
yeyed into the substance of the plant. I 

Although carbonic acid is coutinually given off by certain partil 
of plants^ it is proved, beyond all donht, that this generation of cafJ 
bonic acid amounts to but a very small deduction to be made Iromi 
the far more extensive decomposition of that gas, which takes plaofti 
in the leaves of plants under the influence of light. The carboal 
derived from this decomposition of carbonic acid becomes fixed illl 
the plantj while free oxygen is given off. Thus the leaves in realitfl 
correspood to tbe digestive organs of animals, since, though nourish*] 
ment is derived from other sources, yet a most important part enteri 
by this channel ^ and it even appears that some other parts of th 
food of plants enter by the leaves^ besides tbe carbon. 

The food of plants consists of water, carbonic acid gaa, ammoni«J 
and some saline matters; and these several articles of food entej 
j^artly by the spongiolcs of the radicles, and partly hy the leavea 
The crude or ascending sap is derived from the spongioles of tb 
radicles, and doubtless contaios all the saline and earthy matten 
which enter into tbe conjjtjtution of the plants j it appears, also, tol 
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contain portions of the other alimctita, p.irtjcularly the watery 
part and the animonia. By the additions made to this sfip derived 
from the spongioles, the sap beGomeB Toaturedj and prepared for tlie 

feneral nutrition of the tissues, and the supply of the eocretiong. 
t comes now to contain focula, gum, sugar, liguin, and also the pro- 
teiae compounds, albumen, fi brine, cascine, &C.3 or substances readily 
conYertible into these, by which the annual additions to the steua are 
made, the fruit is deyeloped, and the several peculiar secretions, such 
as oil, fixed or Tolalile, resin, gum-resin, balsam, camphor, and the 
like, are supplied. A ad after the sap has served these uses, there 
ia a surplus of nutritive matter left, which is laid up for the supply 
of the wants of the vegetable economy ia the subsequent year; fnr, 
obscure as this subject still is, it seems certain that the sap which 
first rises from the soil in spring becomes mingled with organic pro- 
duets formed in the previous year, by the aid of which, before the 
leaves have commenced their office, various important effects in the 
vegetable economy are accompHshed | and this is in aceordauce with a 
rule of organic nature already referred to, namely, that for materials 
from without to become fit to be incorporated with pre-existing or- 
^nic tissues, a mixture with the products of living action is a usual 
preliminary. 

The respiration of plants, like the respiration of animals, consistB 
in the evolution of carbonic acid, and the consequent development 
of temperature. By this evolution of carbon, which appears to take 
place at all times, though in minute proportion, some purification of 
the proper sap must be effected ; and there also appears to be other 
nieans of excretion, by which the same end is Btill further promoted. 

Of Reproductioii. — The continual renovation of the tissues com- 
posing the frame of an adult animal, and of the leaves of trees ia 
each successive spring, bears a striking analogy to the reproduction 
of species by the individual, whether animal or plant. 

A germ separates from the body of the parent, which, upder the 
application of certain conditions, different in diflferent divisions of 
organic nature, becomes developed into a new individual 

The whole process ia of the most wonderful character from begin- 
ning to end, and in whatever part of organic nature it is studied. 
The least complicated mode of reproduction is found in such organ- 
isms as the red snow (protococais nivaiiX) which cousistg of a simple 
aggregation of vesicles, without any definite arrangemect, — some- 
times united, but capable of existing Beparately. In simple organ- 
isms of thiij kind, mere rupture gives independent existence to the 
rudiments of new individuals contained within them. 

The successive development of the severnl structures belonging to 
the mature individual in the higher parts of both kingdoms, is not 
ksa wonderful than the vuned primilivo development of the germs. 
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The progress of the development of the chick durmg inoubation 
aflfiirds one of the most interesting examples of this ulterior stage^i 
of reprodactioD. \ 

Let U3 briefly review the aoatomj of the egg nt the commence- 1 
ment of the ineubatioQ, Beneath the shell there is a mtmbrantj 
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d, cimbicula; h^ jolk-tag ; Cj memibrano lining thq ehell; d^ nttacbotent of dbaliuus^^^ iirJ 

consisting of two layers, which, bj their ^eparatioh at the larger cndj 
form a space filled with air, especially rich in oxygen^ this air vesicle j 
being destined to serve for respiration. TV i thin the inner layer of 
this membrane lies the white^ and within the white, euclosetl in its i 
proper membranej the yolk. From each extrennty of the yolk-bag 
proceeds mto the white a knotty body, terminating in a floccnlenft i 
extremity. These two bodies are termed the chalazSEf and their 
eiFect is to keep the yolk uppermost in the white ; for by shaking an 
egg violently, the connexion of these with the white is destroyed, 
the jolk sinking to whatever end of the shell is downwards ; and 
this b tbe secret of making an egg stand upon end, with out pi-oceed- 
ing to the violent expedient reported to have been employed by 
Columbus, On the surface of the yolk-bag is a smull round milk- 
white epotj called the eieatricnla, surrounded by one or more whitish 
eoneentric circles. The eieatricula is the hJastoderm, or gorminat 
menjbranej from which the future being is developed. Beneath the 
germinal membrane there is a caual^ which leads -^o a cb amber in 
the centre of the yolk, und which is iilled with a whitish granular 
substance. Such is the description of the egg in the fowl, and in 
its general eharacter it represetits the matured ovum in vertebrate 
nnimals. 
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As soon 03 incubation coinniGnccBj ibe gcrminul mcmbrune becomes 
dlsriDctly sepamtc from the yolk and yolk-bag, spreading and as- \ 
sumiog the form of a central pellucid epol^j surrounded by a broad j 
dark ring. At the same titihe it becomes thickened and prominent^ ( 
and 13 Boon eeparablo into three layers ; of these the exterior is a j 
serous layer, the internal a mucous layer, and between the two is 
eituated a vascular layer in wbieh vessels soon become apparent. 
From the first, all the serous structures of the future animal are ' 
developed, as from the mucous layer are all the mucous structure^ 
and from the middle all the vascular structures. 

Towards the close of the first day, the serous or outer layer hm J 
become thickened into the first „ p.q 

rudiment of the dorsal portion 
of the future embryo, while the 
two other kyers still remain un- 
altered. At the commcQceraent 
of the second dajj the anterior 
portion of the embryo is dilat^jd, 
and the three membranes which 
represent it have become bent 
down. At the conclusion of the fj|||M|»n. , r. - 
second d^iy, thi3 inflection is car- fflyiiBI[..lW' .:.:_-y£T 
ried still farther, and in the vas- 
cular layer a beating point, the 
jmnchim mliemj the first appear* 
ance of a heart, has become de- 
veloped. Ou the third day, the 
serous membrane has become re- 
flected over the baek of the 
foetus J at one extremity invest- 
ing the head with a serous cover- ^^^^^ ^, ^^^ 
ing, and at the other extremity witii tnu vps.*dfl ^f th^ vnemiar arwi, Hfia 
investing the tail. This refleo- tb tee dayfl' incubation , 
lion of the serous membrane is finally to form the amnion or inner 
lining of the bag in which the foetus is to be contained. 

The mueoua layer, or that next the yolk, at this time lines the 
open space which is to form the abdominal cavity, and by its in- 
flections gives origin to the rudiments of the abdominal viscera. 

The heart in the vascular layer is now seen to be composed of twa 
chambers ^ and further, the branchial arteries are discovered which 
join to form the aorta. 

On the fifth day, the outlines of the viscera are tolerably distinct, 

the sac of the amnion is completed, and the liver and hmgs begin 

to appear j the bag of the allantois is well developed. The heart is 

stiU that of a fish^ and the aorta formed by the branchial archeSi 

11 * 
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winch bad been visible from the Ihinl day. The suceeesh^e cbEmgea 

wliieli take place on the vascular 
Fyatc^m arc rather complex* Thua, 
of five pairs of vascular brancliial j 
arches, which at first by their ' 
union formed the aorta, as in 
fiishca, those of the first pair on 

^ fcnnatlni. of the dlgertbe ea^itj.; c, em- ^^j^ ^j^^S, and of the fifth on the 
brjo^ / lijfli-B of germinBLi memti'ime; left Side, Speedily disappear* The 
h, eart, ff, BtoHi . ^^^^^ ^^ ^^^^ ^^^^ bccomea the 

brachio-cephalic trunkg; the fourth of the right aide becomes the de- 
scending aorta ; while the fifth of the right side, and the fourth of the 
left side, are converted into the pulmonary arterieB. The very short 
trunk eoramon to the two pulmonary arteries, and also the equally 
short trunk of the aorta, are produced by the tran formation of the 
single cavity of the original " bulbua arterosus " into two distinct 
canals j and thus this wonderful metamorphosis is completed. — The 
General Struciure of the Ajiimal Kimjilom^ by Jones, p, 627. 

About five days from the commcuccment of incubation, the vaa- 
cular layer of the gcrniiual membrane has spread extensively over 
the yolk ; and as the vessels are formedj they are found to coo verge 
towards the navel of the embryo ^ and to constitute a distinct system 
of arteries and veios communicating with the aorta and the heart of 
the foetus J and forming a vascular circle surroundiug the yolL These 
V c Bsela are term ed o m ph al o-m esen t e ric vesse Is. Th e o m ph alo-ni ese n- 
teric arteries arise from the mesenteric arteries j and the omphalo- 
mesenteric veins return to the vena cava of the chitk. 

When the intestinal system has reached some degree of develop- 
ment, a communicatjon is found to have arisen between the yolk 
and the intestine, by a wide duct termed the vitello-intestinal duct, 
and by which the nutritive substance of the yolk enters the alimen- 
^ taryeaual for the alimentation 

*'''■ ^^' of the embryo. By the tirae 

incubation is completed, the 
yolk- hag is empty, and the 
place of the duct is marked 
merely by a Uttle ejccal appen- 
dage. 

The allanioid membrane 
first makes its app^-arance ia 
thn early part of incuhutioD, 

Ct ^ eiabcyoi ^rlayetB of oerminiil nifimLnintf? while the abdoRlOn is stlU 
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open, as a delicate bag derived 
from the anterior part of the rectum, but it quicldy enlarges, so as at 
last to line nearly the whole extent of the membrane of the shell j 
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ond behig thus ex posed to Uie air, wliich penetmlcf? the slicll, it 
becomes un important orgnn of respiratioa, Wbea fully developed , 
it if eopiouslj supplied with arteries and veins. The arteries derived 
from the common iliae trunks correspond to the umbilical arteries ia 
raammab, and tlie veins corresponding to the umbilical veins ^ reach 
the inferior vena cava. 

About the nineteenth day of incubation j the air* vessel at the large 
extremity of the egg is ruptured^ the lungs begin to breathe the air 
■which it containedj and the vessels of the Slantois beeeiue by degrees 
obliterEited. On the twenty-first day the chick escapes from ths 
shell, to begin & new phase of life. 

On the fourth day the chick is about fonr lines in length ; on the 
sixth day it is seven lines; and then what appear to bo voluntary 
motions are first observed. Ossification commences on the ni nth day, 
and on the fourteenth day the feathers appear ; and if taken out of 
the egg, the chick can open its mouth. 

Reproduction in the Veg^etable Kingdom. — The first stage of 
Teproductiou in the vegetable kingdom is the maturation of the seed) 
the second stage the gernd nation of the seed, by which a new living 
plant is produced. 

The seed is matured, as a general rule, within tho inferior portion 
of the pistil or female organ j termed sometimes genneu, somelimea 
ovary — the latter term being most used. This inferior portion of 
the pistil becomeSj by maturation, the fruit or seed-vessel, called also 
the pericarp. Familiar examples of the pericarp are the cberryj the 
apple, the pear, the poppy-head, the flat pouches of garden honesty, 
and of shepherd 'a purse^ the French bean, and the pea-pod. 

If we examine the several flowers in which these pericarps form, 
we shall find all of them are mere enlargements of the base of the 
pistil — that isj of the germ en or ovary. 

If the interior of the germon or ovary be examined at an early 
period, the rudiments of the seed are found to be already present 
in the form of minute membranes not yet closed in on every eide. 
The condition recjuieite for the perfect development of these rudi- 
mentary parts into perfect seeds h the entrance into their interior of 
a pollen granule derived from the male organ or sfcimen. The upper 
port of the stamen, named anther, secretes the pollen^ which, being 
transferred to the upper port of the pistil^ there finds entrance, and 
descends through the middle part or stile into the cavity of the ger- 
men or ovary, and finally into the cavity of the rudiment of the seed. 
Forthwith the seed becomes developed into a perfect part. 

The perfect seed contains, beneath its exterior membranes, a part 
destined to be developed into the stem, another part de&tined to be 
developed into the root, and other parts destined to supply nourish- 
ment np to the period when tho new individual has attained suffi- 
cient development to draw the means of support from the soil and 
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from the atmosplicre. The nouriehiuent contaiccd in tbe BubstancoJ 
of seeds is Btarcli. 

The cooditiotia Deccasary for tbe development of a seed into 9 1 
new plant are tbe presence of moisture, warmtbj and atmospheriei 
air, When put into tbe eartb, not far from tbe aurface, tbe seed! 
t^wella by tbe agency of moisturOj and imbibes oxjgen from tbe air 1 
diflfused tbrougb the water of the Boil. In proportion as it a^Kjuires j 
oxygen, it throw a oflf carbonic aeid. The starch during this proees* 
isj in part at leaat, changed to sugar, or to a soluble substance more 
readily conveyed onwards, as the stem and radicle are developed. 
Besides starch, the seed contains certain saline bodies, sncb as phos- 
phates, aod tbe other mioeral conetituenta found in organic bodies, | 
which serve for a supply till the root is iufficientiy developed to draw | 
such constituents from the soil. I 

Under the influences of these sources of supply, tbe gammule^ or 
part of tbe seed representing the stem, at last rises aboYe tbA 
ground, and the radicle, or part repre sen ring tbe root, descends into 
the earth. The parts of the eeed destined to supply nourishmeot 
are the seed-lobes, or cotyledonary bodies, and the albumen; the 
latter being present ooly in certain orders of seeds. When tbe albu- ' 
men is absent, the cotyledonary bodies are proportionally larger. In 
many plants these seed-lobes, cr cotyledonary bodies, rise abovs 
ground in tbe form of temporary leaves, and plainly perform for a 
time the office of leaves, by drawing nourisbment from the atmos- j 
pberc. But as the proper leaves form on the stem, the cotyledo- 
nary bodies, whether they ascend ioto the atmosphere . or remain ( 
below ground, slirivel and decay j and tbe same thing happens to the ' 
albumen when it is present. 

"Wben this stage is attained, tbe growth of the new individual | 
proceeds on much the same plan as in mature plants- 

EecapitnlatioiL — Such, then, is an outline of organic life in the ' 
two great departments of nature endowed with vitality ; and a brief 
review of the connexions of these two kingdoms of nature with each 
otherj and of their common dependence on mineral nature, will form 1 
n proper conclusion to this section of our treatise. 

We have seen that the elements which compose the animal king- I 
dom exist in the mineral kingdom. The original position of these , 
elements is in the rocks composing the crust of the earth, and in tbe 
water which rests on its surface, or in its gaseous envelope, the 
atmosphere. The next position in which these elements are found, 
previously to their becoming part of the substance of the bodies of 
animals, is in the component parts of the vegetable kingdom— , 
namely, in parts of vegetables which serve for food to animals, such 
as the roots of the potato, the turnip, the carrot, the parsnip, tbe 
onion, the l^ek, the beet, the leaves of the various species of bras- 
sica, spinach, parsley^ lettuce, the seeds of wheat, barley, oats, and 
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IndiaTi corn, rke^ and the like. "Wo Tiexfc find these elements 
advftncod to the rank of constituents of an imim;d body^ and some- 
tiniee passing from one animal body to another. The next transi- 
tion of these elements is a return to the mineral state j not^ iodcedj 
for the most part to resume their original form, if that were the 
component partes of a rock, but to enter into the soil, or to join the 
waters of the surface, or to float in the air till received again into 
the Tegetahle kingdom, to perform the same round as before. 

For example, one of the ores of Hianganesc, which wbcif exposed 
to heat gives off oxjgen abundantly, occurs in the oldest strata of 
tlic crust of the earth. Thus, an atom of oxygen whieh has kin 
fixed in a rock for an incalculable number of ages, may have been 
set free only a jear or two ago, and yet if the hiistory of its progress 
could be traced, it would fill a volume. 

Its first condition, after being set free froDi its inipriaonmen^ is a 
particle freely floating in the atmosphere. We tnaj suppose, thcn^ 
that it descends to the earth ab.qorbed in a drop of rain. It unites 
with a tninute portion of carbon existing in the soil, to form car- 
bonic acidj which, being taken up by the root of some useless weed, 
is conveyed to a leaf, and then again set free, — its companion^ tho 
carbon, being retained. We may next suppose that amid a thundcr- 
etorm, as it floata high in the air, it is yoked to an atom of hydro- 
gen, to Ibrm an atom of water, and tlitit it again descends to the 
earth ; now not as an impregnation hut as a minute integral portion 
of a drop of rain. It is again taken up, we will suppose^ by the 
radicle of such a grass as the common poa or meadow grass, and the 
atom of water being decomposed, it becomes fixed in a minute por- 
tion of albumen within the leaf of the grass. Bj^-and-by this grass 
is cropped by a cow grBzing in the pasture; and the albumen being 
soon changed to caseine, it comes forth as a constituent of milk. It 
is quickly found in a human stomach undergoing the process of 
digestion j' and being received into the blood circulates therCj to 
escape, perhaps, from its new poascs!?or by a cut of the finger. 

The blood left exposed to the air quickly putrefies, and our atom 
of oxygen escapes from tlie fibrine or albumen in which it existed, 
in company again with carbon, or in the form of carbonic acid. It 
probably soon comes into contact with a leaf, for example a spinach 
leaf, and the carbon being disjoined from it and fixed in the plaut| 
our atom again becomes free. It now, for the first time, becomes 
the Yictim of respiration, being drawn into the lungs of a passer- 
by, Being conveyed over his body with the arterial blood, after 
passing tlirough his heart, it is quickly found uniting with the debris 
of the muscular fibres whieh have been longe.'^t in nction ; and, 
returning in the venous blood to the lung, united with a portion of 
carbon, is thrown out as a part of the expired air, in the shape of 
carbonic acid. It is now carried high into the air, and falling inta - 



the aoutliwavd currentj is qnkkly found journeyitig westward, witi 
tUc trade-wmd, at a lower level and in a warmer region* As itd 
reaches the luxuriant vegetation of tLe Wijst Indian Islands, it il J 
speedily disjoined from its associated carbon^ and again set free,] 
leading its companion to form part of the substance of a laxiinanl] 
banana. Soaring again in tlie air, it forms part of the Qorthemi 
current, and in no long time ia again found fit to assist the respira-J 
tion of the inhabitants of the same region from which a short timQl 
before itliad departed in company with a particle of carbon. I 

Such is a slight specimen of the unceasing ehangea which the J 
particles composing organic nature undergo. There is a circulation I 
of particles from the mineral kingdom through the vegetable to the ] 
animal kingdam; and the air which the animal kingdom contami- 1 
nates the vegetable kingdom purifies. Lastly, the surplus of coa- 
taminated air, which the limited vegetation of temperate countries I 
cannot purify, is wafted to feel the influence of a tropical vegeta*l 
tion J and brought back restored to the required state of purity for] 
animal existence. I 

With the following passage from Liebigj one of the greatest] 
names in organic cbemi.stry, wo shall close our account of the vege- j 
tative functions :■ — " When the vegetable kingdom, in the temperate j 
and cold zones, ceases to decompose the carbonic acid generated byj 
the processes of respiration and combustion, the proper, constant, and! 
inexhaustible sources of oxygen gas are the tropica and warm cli-J 
jnatei^y where a sky, seldom clouded, permits the glowing raya of the! 
sun to shine upon an immeasurably luxuriant vegetation. In out j 
winter J when artificial warmth must replace deficient beat of the suii|J 
carbonic acid is produced in superabundance, and is expended in thesi 
nourishment of tropical plants. The great stream of air which ill 
occasioned by the heating of the et|natoria] regions, and by the revd*! 
lution of the earth, carries with it, in its passage to the equator, thai 
carbonic acid generated during our winters j and in its return to ths^J 
polar regions brings witk it the 0x3- gen produced by the tropica!] 
vegetation/' I 

The Locomotioa of Animals. — The next subject for our eonsi-l 
deration is that function by which living beings arc enabled to raov#l 
from place to place. Among the lowest orders of animal cxistence%| 
as in some soophytcs and mollusca, wc find those which are perma 
nently stationary^ and, hko plants, unable to leave the eubstance t* 
jphich thej are attached. And even some of these which do movel 
iibout, as the sea-blubber, the sea-pen, and many others, do so paa*l 
pively J and, like the <3uclvweed and sttir-grass among plants, 
[TiBOYcd in water chicfiy by the currents, and tide;*, and winds j 
the number of those in whom locomotion is otherwise than active, igJ 
eertainly very sm;ill. Again, during one period of their existeaoeij 
the fl^ed Eoophytes do possess a power of locomotion. Thus the' 
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joung spoil g<?j after iU reparation from the parent stem, for several 
5nys sTvima about qb if to find the appropriate spot to whicb it may 
attach itaclf J wliilc the cilia, or ariii'like appei^dagesj to the action 
of which ita locomotive powers are due, fade and disappearj as if no 
longer required, after the animal has attached itself to the rock. 
Similar properties are found among the polypes lodged in the ma- 
drepores and coral 3, with which all arc familiar. In the hydra, a 
species of poljpc iahahiting our fresh watersj for the knowledge of 
which we are indebted to M. Tremhlej, of Geneva , wc find an earlj 
example of locomotive powers curious ia the extreme. If the 
animal is introduced into a gloss^ it maj he seen^ as in the figure^ 

Fig. 56. 



when standing erect slowly to bend its body, until its mouth touches 
tbe surface of tbe vessel ; itn foot is then detached, and brouight 
towards the head, which is then projected forwards, and the process 
repeated, until a desirable position i& obtained. We will pass over 
the Infusoria, so named from their being faund in all animal or ve* 
getable infuaioni, after being kept a sufficient time; since they are 
all microscopic^ and not to be seen by the naked eye. Their move- 
ments are very rapid; and tlie microscope reveakj as is familiar to 
moBt persons, a strange and basily-moving mob even in a drop of 
wat^r. Among the Medusae some are remarkable for their organs 
of locomotion^ being furnished with an apparatus not unlike the fins 
of a fish J with which they strike the water vertically, and give an 
ascending impulse to their bodies. Among the moJhiscs, the mo- 
tions of the snail are faraihar to every one. They are effected by 
what is called its foot, or a mass of muscular fibre, situated on the 
strong membrane which contains the entrailsj and also attached to 
the shell It glides along the surface, partly by forming a vacuum 
by means of this organ, and partly by a viscid mucilage secreted by 
the part. It is thus, also, that some bivalve molluscs, as the common 
cockle, mussels, razor shell fish, and others, progress — the animal 
protruding its foot beyond the shell, and crawling along upon it; 
and it is furnished also with the same kind of adhesive mucilage, 
for the purpose not only of steadying ita steps during motion, but 
also, as drawn out into threads under the name of byssua, of pre- 
ventiiiff it, when at restj from being washed away, by tides and our- 
rentSi from the rocks to which it attaches itself. 



AdvaDciDg m tMI great claa^i we find some animals, as the outfelc^ 
moving bj II kind of urrtis or tcntiiciila attached to their head, and eti 
ployed aa oar?, or as feet, when moving along the bottom of the sei 
On account of the singular place of attachment of the feet, the animal 
of this, the highest order of mollusesi are Killed (Jephalopods (Qm 
kephak, head J and prnts^ foot). With the excoptlon of the pearly nati 
tilua {A^mitiim pojnpiHii&), which has many tentacular organs attache" 
to the headj all other cephalopoda have eight arms; to which, in sora 
kin da, as, e. (j.^ihe calamary and scpiaj two Jong and slender tentaculd 
are added, which can be retracted into sheaths. Both the eight ordf 
nary arras and the two tentaclea are provided witii suckers, by wbid 
the animal ean attach itself at pleasure. The paper nautilus (Ar^th 
naula)j has but eight feet, and one pair of these expand at therr eiJ 
treraitiea into broad and thin membranes; the fabled use of which hm 
afforded a beautiful subject of poetic imTJfrery in all agesj but sirailafl 
appendages occur in Ovlt^j/m vioktct^mj and in Odopm I'difer-j in wbit ' 
both the first aad second pairs of feet support broad and thin men 
branes at their e5:tremitie8. Now, neither of thoao species inhabit I 
Bbell in which the expanded nfiembranes could be used to waft tht 
animal along the surface of the oceans aa has been snid or sung of thtf 
Argonaut, from Aristotle to Curier, and from Callimaehas to iiyroa*! 

The comparative anatomist, who has devoted most attention to tbJ 
structure and economy of the class of Cephalopods, has concluded thifJ 
— ^* the physio legist, in contemplating the structure of the related aru)3) 
is compelled to deny them the power of being maintained erect and 
expanded to meet the breeze. What their real function may be ii 
still to be determined; but the removal of the erroneous impressiOQl! 
entertaioed on the subject is the first step towards the attainment of: 
truth/'* Since the article from which the above passage is (|uot< * 
was publiahed^ it has been shown that the membranous nrins of tli 
argonaut are the organs for secreting and repairing the shell. Tbi^ 
function of the supposed sails of the paper nautilus has been detei« 
mined by the experiments, instituted, at the suggestion of Professol 
Owen, by Madame Power, at Messina in Sicily, One of the ^^ sails**] 
was cut off in several living specimens ; the right sail being removed 
in some, the left in others ; and the creatures were then kept in a sub 
marine cage, and supplied with food. Some of them survived th 
operation four months, when it was found that the shell had groiR 
only on that side on which the membranous arm had been preserve 
By these and other observations it has been finally determined, not onlft 
that the argonaut is the veritable constructor of the beautiful and delM 
eate shell which it inhabits; but that its expanded membranous arms' 
never act as sails to catch the wind. While the trlaucus, a beautiful 
little mollusc, of the Indian seas and Mediterranean, pain ted in blue aucl^j 
silver, swims with great swiftness by its conical and oar-like appendageaJ^ 

• Sm PniOuwr Owen'i Article, "Cepbaiepoda,'* Cyclopwillji of Aoat. and Plijsit*!, toL i,. 
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PasBiug now to tlic AnneUda, we fiod the earth- worm progrea- 
sjng bj means of setiie, or bristles, at- 
tached to the skin, which the animal 
fisea on the groimdj whiie, by the elon- 
gatioQ of tli(i ring^ which eiicircle the 
bod}', it moves onwards* Then the 
head is applied and fixed to the 
ground, and the body, by the contrac- 
tion of its rings, drawo towards it- 
In the Nereis we fiod numerous ten ta- 
enia as organs of locomotion, by which, 
and by uadalatiog iaflexfons of the 
body, the animal swims with great ra- 
pidi ty j w h lie th e lee c h , in de pen de d tly 
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of ita power of swimming by ordi- 
nary Tcrmiform motion, is furuished 
with an apparatus for suction at either 
extrcmiry of its body. ]?y fixing, 
alternately^ one or the othor^ and 
drawing its body towards it^ the ani- 
mal advances at pleasure. 

The jootiou of insects ia much 
more perfect than that of any of the 
preceding classes^ while a calcareous or 
horny coveriug gives attachment to 
muscles of great power^ and enables 
individuala to move with immense 
force and velocity. All spiders dart 
upon their prey with great rnpidityj 
while some species possess the power 
of conveying themselves to considor- 
able distances by means of threads, 
which^ propelled from their bodies, 
they cling to, and are wafted upon 
them by the winds. The crabs muvo 
with great rapidity on the ground; 
but, from the cowiitruclioQ of their 
12 
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jointSj tbey can only pmgress side ways. Tbe lobsters and cray-fish, 
again » are only adapted for swimniingj but tbe nmacle^ of batb are 
biglily organieed and powerfuU All win^#d ina^ctB bnve six legs; 
and many, moreover, bavc, eithcT in tbe course of tbeir legSy or at 
their esctremities, numerous Buckets, bj which they form a vacuum 
every time their legs corae in contact with any surface* It is in 
till a way that flka crawl upon a perpendicular anrfacej or on a smootli 
mirror, or walk along the ceiling of a room. The Btruetnre of these 
suckers is very beautifnl, and is best seen in the common blue-bofOo 
fly {AMusea vomifaria)^ the great water beetle (Z>jVi5(-i*s mari/inalk), 
and the yellow saw-fly (^Oimex Lutiri). But the most remarkable 
organs of locomotion in insects are their wings. Of these, however, 
it is sufficient here to say, that tbey are moved by muscles of im- 
mense powers J and that the velocity with which they are moved is 
at least as remarkable as the force. 

Fishes. — We next come to fishes, most of whom effect locomo- 
tion by their fins, and of these they employ chiefly the pectoral and 
ventral pairs^ which are strictly analogous to the upper and lower 
Fio. m. extremities of the superior tribes of 

p animals, Some fishes effect their pro- 

,.^ gression by the motion not of the fins 

/ I '\^ but of the spine ; as the lamprey, which 

-^ I ''\ ha& neither pectorai nor ventral fins, and 

\ \ which seems to move in its natural ele- 

; '^.^ ment, the mnd, entirely by the lateral 

^\ \ >B fiexion of its spine, which it first 

\^ I / draws into an S-Iike curve^ and then 

shoots forward the anterior portiosH 
The same is the case, also, with the eel, 
when it creeps on land. Others again, 
as most fiat fishes, which, like the lam- 
prey, have neither pectoral nor vea- 
tral fins, nae their tails principally in 
making progress in the water, Thi« 
operation is extremely simple. Every- 
body knows that the ordinnry way of 
propelling forwards a boat is by rowing j 
that is to say, by means of one or 
more pairs of oars passed over its sides, 
the action of which is exactly similar to 
the pectoral fins of fishes. But it is 
likewise well known that a boat may 
1^ " be, with e(3Ual certainty, urged forwards 

by what is called sculliag j that is to 
one 04ir passed over its stern, and couti auAlly 
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moved in the water from eide to s-ide* Nowj it ig precisely upoa 
this Litter princJplti tLat the tail of fiiibesj tuoving from side to siiJe, 
operates in propellmg thejn forward. It is evident that the oar oa 
the oae baud, and the tail on the other, in this alternate lateral i 
motioQ, ia contbuallj displacing a quantity of water great in proper* 
tiou to the length of the inatrument employed, and eonsequently to 
the sweep which it maVea in its oacillation; and it in bj the resist* 
aoee whieh the water makes to this displacementj bj the oar or tail, 
m conjing from itg extreme sweep to the as.is or mesial plaoe of the 
boat or fish, that either is urged onw!ird^> "Let ua euppoae/' sajs 
Dr Eogetj ** that the tail is slightly inclined to the rigfit, us shown 
in the preeeding figure. If in thi:i situation the muscles of the left 
aidCj tending to bring the tail in a right line with the body, are sud* 
denly thrown into action, the resistance of the water, by reacting 
against the broad surface of the tail in the dirt^ctiou Pll perpen- 
dicular to the surface, will cause the muscular action to give the 
whole body an impulse in that direction, and the centre of gravity, 
Cj will move onwards in the direction CB, parallel to PB» This 
impulse is not destroyed by the further flexion of the tail towards 
the left side, because the principal force, executed by the muscles, 
has already been expended iu the motion from K to M, in bringing 
it to a straight line with the body; and the force which carries it on 
to L is much weaker, and therefore oceasioaa a more feeble reaction. 
When the tail has arrived at the position L, indicated by the dotted 
outline, a similar action of the muscles on the right side will create 
a resistance, and an itnpul:je in the direction of K L^ and a motion 
of the whole body in the same direction, C A. These impulses being 
repeated in quick succession, the fiih moves forwards in the diagonal, 
C D, intermediate between the direction of the two forces/^ 

It should be added to this description, however, that fishes in 
general have the power of *^ feathering their tails" — that is to say, 
of BO puckering up the lobef^ iu their outward motion, as to make 
them displace as little water as possible — since the effect of the, 
resistance of the water in this direction must obviously be that of 
retarding their course; while, on the other hand, they expand these 
lobes on their return to the mesial lincj in order that they may dis- 
place as much water as possible ; since it is upon the reaction of 
the water in this direction that they rely for their advancement. 

The bodies of fishes are of very nearly the same specific gravity 
as the wat^dr in which they live, owing to the great quantity of fat 
which most of them contain ; so that very little effort is required to 
keep them at any given height, and their descent or ascent in the 
water is comparatively easy; the latter being further promoted by i 
the faculty they possess of filling their air-hkdder at pleasure with 
air. When they attach themaclvfcs to rocka, it ia % means of 
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Eiuckersi as in otlier tribes; and when they leap from the surface of 
the water, it ia by a sudden and forcible extengiioa of their bodies 
after u stroog flexioDj— the ekatidty of the water thus giving tbem 
the force of a projectile, Sonjta fiehes alsa, as the fijing kindsj are 
capable of using their long fina in the air almost in the manner of 
the wiegs of birds — a hundred yards being no unusual flight 

Reptiles. — In serpents we find the Bpine as an organ of locoooo- 
tion ; and these, unlike all othnr vertebnita, have only abdominal 
and caudal vertebrae, the Biotions of which ore exceedingly free upon 
each other. Serpents differ from fishes, in the circumstance of their 
&pme supporting their true nbs, as well as in that of the bodies of 
their vcrtebrsc being att^iehed to each other, not by means of an 
interposed fluids contained in a shut; eavity formed by the juxtapo- 
sition of the bones, but hy means of a rounded 
head on the posterior part of the body of each, 
which is received into a corresponding socket on 
the anterior part of the one behind it. The 
spirjQus processes, also, of the vertebrae of ser- 
pents being in general considerably shorter than 
those of most fishes, the motions of their spinal 
column are not only luterul, but in a great mea* 
sure upwards and downwRrds alsoj although 
some painters and statuaries appear to have a 
little overdone this matter, and to have repre- 
sented flexures of the bodies of serpents whers 
no countenance can be given to them by aua- 
tomj* There are limits, in this respeei^, be* 
yond which we cannot aOow even the sublime 
hand of the sculptor of the Laoeoon to paas 
without reproach, Bat although the 
motions of serpents are thus very 
similar to those of '* the wnnderiog 
eel'' in its peregrinations on the grass, 
the former has an assistance which £ho 
latter has not, and one which appears 
to constitute a link in the transition of 
the spine, as an organ of locomotion, 
very similar to that constituted by the 
bristles of the aphrodita, or sca-mouse, 
in the same transition in the inverte- 
brate. Thig assistance is the rihs, 
which ia serpents arc, in ftict, organs, 
not so much of respiration — as is the 
case in most lizards, in birds, and in 
mainmiferous animals — as of progres- 
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flioD ; and the raigiag or dmwiog forward of these ribs corresponds 
^lnore to advanciog a leg than to any other motiou of aoimala fur- i 
pis bod with proper limbs, Not only, theo^ ia the spmal oolutnn of 
erpents a means of helping tbem forwardsj but tbe ribs being at ^ 
Vfhe same time drawn towardi tbeir head, the traos verse plates om 
"be lower surface of tbe body, with which tliey are coaaected, move 
rwardj as it were^ like so maoj feet, whea the spioe and the reat 
bf the body are drawo forwards upon them. It 13 thus that tho aer* 
ent fulfils the curse pronounced upon the first tempter, *' Upon thy 
belly shalt thou go, all the days of thy life." It is the only ^^ beast 
bf the field" — in other word?, the only terrestrial vertebrated animal 
-which does not employ legs as an organ of progression; but tha 
ransitioQ, in this respect, from the serpent to those v^crtebrated 
knimala in which these organs are both atructurally and fun ctioo ally 
nost developed, is extremely insidiousj and furnish another striking 
illustration of the axiom ^ that nature never advances by sudden leaps 
her productionSj aod that she knows no cbasmg in tbe chain of 
preation. She has given even to the serpent a kind of rudimentary 
ega, or, at least, arms, manifesting themselves in a kind of clawa, 
^^ituated in most species under the common covering of tbe body, but 
'in some few projecting a little beyond it ; and in some kinds of 
lizards ^ the snake lizard, for example — ^the improvement in this 
respect is hardly appreciable* The legs of ^ this animal are scarcely 
less rudimentary than those of the serpents; and, like the cater- 
pillar among tbe invertebrate tribes, it probably advances, at least 
equally, by means of its spine^ as by means of it^ legs. A further 
step is gained in the ease of the land salamander, which, like the 
centipede, uses its legs — which arc considerably more developed than 
in the anake-lisard — more than its spine as an organ of locomotion j 
but its legs are still almost as often tilted up into the air as resting 
on the ground, in the process of walking, and it is not until we coma 
to some of the higher tribes of liaards — as to those of insects in 
general — that we find the legs exclusively and unequivocally employed 
as instrumente of progression. 

Some lizards, also, move up perpendicular surfaees by a species of 
suction; tbe soles of their feet, as 
in tbe gecko, being provided with a 
series of soft plates, which, being 
drawn np at pleasure, produce the 
requisite vacuum. Other reptiles^ — 
as the tortoise — make progress oa 
land by crawling, and the frog by 
crawling and leaping; others— -as the 
flymg-Uzard — use tbeir ribs, not, like 

^rpents, as lega^ but as wings. In tbe water most reptiles use their 
~ 12* 
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I(?ga as fislioa do thdr fins; and sf>Tne of tbcmj as turtles, keep 
tbeinsel?eB afloat bj a coHeetion of air beneath thteir dorsal shield, 

BirdB. — When on land, the progression of birds is effected by 
either walking or hoppiag on their posterior extremittes only, birda 
being the only proper bipeds among the lower animals; and they are 
enabled to keep themselves erect without ciFortj since their centre of 
gra.vity corresponds to the region where their anterior extremities 
are attached, owing, in most birds, to the legs being directed for- 
wards; and the toes more elongated; but in some — as the penguin 

and the puffin — to the trunk of the 
^^' ' body being placed almost vertically. 

Birds are enabled to float in the 
water, owing to their specific gravity 
being In general Jess than that of this 
fluid, and hence they displace only as 
much of it as is equal to their own 
weighty according to the well-known 
bydrostatic law ; and they moTC along 
its surface by the aetion of webbed 
,feet, the swan oppeadog to use its 
wings J in addition, almost in the 
manner of sails. But the charge* 
tcristin organ of locomotion in birds 
i^ their wings, corresponding, in their 
PE^uiLv tdore essential parts, as well with the 

pectoral fins of fishes as with the forelegs of reptiles and rjuadnipeda, 
and the arms of man. The motions of these are eflfectcd by a mass 
of muscles, weighing more than all the rest of the muscular system 
of the animal J and arising from a breast-bone of a larger size than 
is met with in any other class of animals; the immense power thus 
acquired being no more than is necessary to enable them at once to 
support themselves in the air, and to move through it with astonish- 
ing velocity. The former they effect by continually reneifiog the 
column of air below them — and which must be displaced, in order 
to allow of their falling to the ground — more rapidly than this dis- 
placement can take place ; and the latter, by using their wings in 
the manner of oars, while the tail, at the same time, serves them 
as a rudder. In this way birds are known to have travelled at the 
rate of sixty, or even one hundred, miles an hour 

Mammals*— To the motion of fishes in the water an air-bladder 
is essential j but in the eetaeeous tribes this organ, as one of loco- 
motion, 13 superseded ; since, when they desire to rise in the water, 
ail they have to do is to strike a few snmrt blows with the tail down* 
wards, when their heads are naturally carried in an opposite direc- 
tion, and when they wish to sink, a few similar strokes with the tail 
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in the opwarJ direction at once ivervo to liuiy tbclr beads LeneatL 

the TV ate r. A reference to figure 63, when viewed bidewajSj will at 

once give the espla nation of this simple fact 

The taih being the _ „ 

• . ^ i? 1 Fig. 69. 

chief organ ot locoipo- 

tioD among cetaceous 
animal a J k a most pow- 
erful instrument ; and 
accordingly, a sbip's 
boat, when etryck by 
the tait of the whale, 
may be divided, as by 
an axe, or buried be* 
neatb the waters. 

The downward and 
upward motion of the 
tail of the cetaceous 
animals in swimming 
(attended, aa it must be, with a corresponding rising and sinking of 
the bead as it advances) gives to many of them, a.^ tbey sport near 
the surface of the water, the appearance of revolving like a wheel, 
and bus led to v^ry fulse impressions respecting the form of their 
bodies- The dolphin, accordingly, is always repreBcnted in ancient 
Btatues and bas-reliefs as a being with a rounded bead and arched 
back ; and there are few who see tho animal for the first time that 
can reconeife the slim and tapering creature before them with the 
blunt-headed, round-shouldered figure with which their fancy has 
associated it. Generally speaking, the muscles which move the 
tail downwards in the cetaceous tribts, are stronger than those which 
raise it ; and this is so much the case with the white dolphin, that, 
according to Palks, it ig accustomed to bend its tail under its body 
in swimming, almost like that of a hoiled lobster ; but it is obvious 
that if the tail be held for an instant stationary in this position, 
while the body is advancing, the effect will be to deprei^a the bead, 
for the same reason that the continued inclination of the tail of fitsbes 
to the right aide serves to turn the animal in this direction. During 
the whole sweep, boweverj that the tail is making downwards, the 
head must ineline upwards; and this appears to be another meanSj 
in addition to their little specific gravity, by which these animals are 
enabled, with very little effort, to keep the top of their heads above 
the water. Their total immersion in this fluid is always prejudicial 
to them ] and nature has therefore rendered it a forced state, not 
only by opposing difficulties to iheir descent, but by making their 
muscular motion to co-opcrate with their lightness in bringing them 
again to the iurfaoe. 
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Very few quadrupeds ftro capable of moving tli rough the nir — ^tb«l 
bafc^ tbe fljing squirreJj &nd some species of lemur being atnongl 
these, — and Ihis tbcj eBeet, n(^t like tbe fljing lisbes aud birdaJ 
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J tloDe by tbeir anterior extremitioFj norj like tbe flying IJzards, hf 
htbeir ribsj but by wiog-llke metribrunes extended between their ante 
Kiior and posterior cxtrenniticSj the motions of both of which am 
Crequisite to call them into action. Quadrupeds in gen end use thel^ 
y,iipp*ir limbs only in conj unction with their lower in tbe act of pn 
Lffression; but some feWj as squirreli? and DpeSj uee them also as ? 
tl3o our arniSj the arrangement of their skeleton being expresal| 
fBdapted for the purpose. In standings they use in general all thd 
[jonr legs; and as the centre nf gravity is thus preserved with on' 
['effort, they easily sleep in this posture. Some fewj boweyer, as th 
lean gar oo and jerboa^ rest on their binder le^s alone, tbe centre < 
gravity falling in tbem almost perpendicularly ^ but such also ua 
I their strong tails, lilte another legj to steady them. In climbing 
^Bome, like tbe walrus or the lizard, seem to attach themselves to aii 
I BTirfac^, by forming a vacuum with the soles of their feet j but th 
rnmjority use their claws for tbis purpose, and these in some tribe 
* 3 tbe sloths and ant-eaters, are so long, that they are almost incJ 
able of walking on a horizontal plane. Their manner of per for a 
fng the trot, gallopj nnd amble, we shall not stop to describe, hn 
'^ Conclude this section of our work with a few remarks on 

Leaping, — The leaping of terrestrial animals, from man dow| 
[to the fiea, eonsists of a sudden and forcible extension of the limb 
Lftfter flexion J from a medium which offers more or less resistanc 
The length of the body is thus suddenly increased j and as it presaei 
on any unyielding medium ^ it is reacted upon with a force e^^ual 
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that with which it presses, and an impulse is accordingly thrown 
into itj sufScieDt to detach it, and project it to a greater or less 
distance. Biit while the proceaa is of course 
very mucli facilitated hy the fulcrum being 
firm and elastic — a fact well known to opera- 
dancers and vaulterB by pKifession^ who com- 
nioolj use spring-boards to assist them in 
their bounds — it cannot be cflTected by terres- 
trial animals from the water, nor even from 
soft, boggy ground, nnless the ir"^ bodies be 
Tcry light, or their feet very broad^ because 
the ponitfl by which they in general press 
upon their fulcrum^ compared with the weight 
of their whole body, namely, the extremity ' 
of their legSj are so small ds to be resisted 
only by the very narrow columns of this ful- 
cruuij which therefore, instead of re-acting 
upon them, im mediately give way to the 
pressure which they sustain. Snch^ however, 
is not the case with fishes, the broad flat part 
of the tail of whichj or if the tail bo taper- 
ing, at least the broad flat part of the body 
which leads to the tailj is brought directly to 
bear upon the water j so that a very conside- 
rable column of resistance, in proportion to 
the whole bulk and weight of the animal^ is ladled into reaction. 
Nor is it peculiar to fishes to 
employ their tai] in the pro- 
cess of leaping^ some quad* 
rupeds, as the kangaroos, 
using their tails, iu conjue* 
tioo with their very long 
hind legs, to assist their 
bounds. Thus they not only 
employ an additional limb, 
the sudden exieDsion of 
which, after flex i on , adds to 
their impulse ; but, pressing 
with an additional joint upon 

the fulcrum, they thus di- the kahohooc* 

finish any tendency which it may have to yield to the pressure 
which they impose upon it. Both in the kangaroo and the jerboa j 
or jumping rat, and also in the hare, rabbit, squirrel, and othersj 
the muscles of the hind legs are also greatly developed, in order to 
give the force necessary to effect their oj:tended leaps) while the 
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fare feet^ wliich are little employed in hxjoraotif>n, are com para tivelj 
^luuch i mallet and shorter. In amending a hilt this arrangement ii ' 
Tvery beneficial, though it greatly irapedes these animalg in descsen' 
[,in|^ one at a rapid pace ; thus they seldom attempt to run down 
[hili in a straight line — their courbe is generally diagonal* Son 
f jQ 'J2, iDseets^ also, use their* tail in leapiog 

This is the case with the velvet spricg 
tail J which leaps, by jerking its tail 
downwards from under its body, in the 
same manner aa the grasshopper, th 
froghopper^ or the flea, by jerking 
down its legs j that is to say, by and 
dettlj extendjtig thera^ after they hav 
™™^'^- been brought to a itate of full fleijotfel 

Wonderful as may be the leaping of fishes, and ranch as thfl 
[hounds recorded of these animals exceed those which man is capabli 
[of making, they fall very short of what we witness every day ii 
I insects — the grasshoppers and fleas, for example, being capable, will 
i^ase, of springing some hundred times their own length* Lookia 
[at the comparative lightness of these animals, however, and tbj 
Qurable nature of the fulcrum on which they rest in making theifi 
Qgs, it is h J no means certain that they employ more muscula 
Fpower in their vaultiogs than fishes ; while, on the other hand, it ill 
[ pretty clear that they do not in general exercise them with anythinj 
I like BO definite a purpose, or so much precision. 

It would be improper to leave this subject without remarking, ihii 
j while some invertebrate aquatic animala^ — for example, the cut tie 
mre enabled to leap out of the water by the sudden extension, i 
[ flexion, not of their tails, but of their numerous arms or other prQ 
I cesses from their bodies; others — for example, the oyster— elfe< 
the, same action by sudddenly bringing together the valves of theiiJ 
j shells, by a strong muscle situated near the hinge, by which mean 
& portion of the previously-contained water ia rapidly expelled, an 
[ made to bear downwards upon that in the immediate vicinity of th 
j animal, which, reaetiog of course upon the sudden pressure, con^i 
] niuaicates an impulse which forces it above the surface. The feat| 
, of the ojster, however, in this way are very insiguificant, and it ii 
JjiOt easy to say for what purpose they are performed. 

In conclusion, we would briefly remark, that bo nicely nnd adn 
ably are the organs of locomotion in quadrupeds adapted to eacl 
pther, that an anatomist, from the inspection of any one bone 
fthe very many which compose the skeleton — in man no less tha 
rpwQ hundred and forty-six — is enabled to infer the general form an 
elations of all the rest, as well as of the ligaments which connec 
fs^d the mufsalus which move Ihem. Nay, more: — so ii^tiuiiit*" 
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doi^ tbe atrncture of this sbellj aa it wflre, of the body correspond 
with that of tbe internal parts, that from this one bone he may 
almost give a description of every organ of the animal — of its pro- 
pensities and !ia,biti. Can this correspondence be the work of a 
blind chance? or does it imply a unity of design, an extent of 
bsnevoltsnce, and a vastness of power, indicative of a rulrag Provi- 
dence — the Architect alike of tbe star of the fir mam en tj and of the 
mite which plays in tbe eunbeam — whose band is traced equally id 
tbe immensities of magnitade and of minuteness**- the Almighty 
Father of the Universe, and of everything that astounds and de- 
lights us in ita construction ? 

Senses of Animalfi, — The nest function of which we have to 
speak is Sensation j and it will be convenient, in tbe first place, to 
devote a few pages to a short description of the senses in particularj 
and of the several organs by which, in different animals, the func- 
tions of smell, sight, hearing, taste, and touch, are respectively per- 
formed. We shall then pass to a general view of Sensation^ Emo- 
tion, Instinct, and Thought; and conclude our subject with an ac- 
count of Voice and Speech in Man, particularly as distinguished 
from the cries, eong, and buzzing of inferior animals- 

SmelL — In quite the lowest orders of animals the organ, if any, 
flpeoifically appropriated to smell ig in general very obscure, although 
some of them in which this is tho case — the cuttlCj for example — 
display this function very remarkably. It is, perhaps^ in most of 
tbcm, merely a modification of touch, and performed ecjually by every 
part of the surface of the body. In the snail the seat of smell has 
been commonly considered to be the short feelers ; but apparently 
without any good reason < 

Fig. 78, 
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Insects m general smell very acutely j and in them the Beat of 
^ tills function bas been at different titnea supposed to be their stig- 
tnattij or air-holes, their palpi^ or commonly-reputed organs of taste, 
and their antennso, or organs of touch in general. In the crusta- 
cean s, as the Cray- fish and lobsters j which are among the few of this 
^ order that have a sufficieutlj^ obvioua olfactory nerve, it ia manifest!| 
^ their smaller antentiOD, at the root of which the nasal cavities 
, eituated. lo these animals^ however, as well aa in all aquatic 
mals, smeli ta rather a DioJi^cation of taste than a distinct funclioi|| 
the vehicle of the impression being not air, but water. Such 
alao the case in fishes ^ in thetu the naaal cavities are situated, ij 
general, on the sides of the snout, and are lined by a plaited mem 
ferauc, sometimes not unlike the teeth of a comb, for the distributioi 
of the proper nerve. The diatance at which some fishes acent the' 
prey m immense; and they are so acutely sensible of odorous bodien 
' that the very perfection of the function is often fatal to them. Son 
kinds of fish are so strongly allured by arouias, that by smearing I 
hand over with them, and inamcrsing it in water, they will ofte 
flock towards the fingera, and may be easily taken. In all fisha 
external openings, or nostrils j are very apparent. They generallj 
con slit utOj it is true, only blind saes ; but their inner surface is d 
considerable extent, and upOQ their lining membrane, a pair of larg 
nerves, analogous to tbe olfactory nerves of man, are diatributcd. 
In reptiles, the nasal cavities have both an ioternal and extern 
opening ; the former being, in frogs, turtles, and serpents, ia thd| 
palate; but in lizards^ in some of which, as the crocodile, they an 
exceedingly long, in the pharynx, or muscular bug, at the back 
of the mouth. Most reptiles, also, have a kind of a movable lid i 
tbe apertui'e of their nasal cavities, by u hich they close them whe 
under water; this medium being apparently but iil-udapted in then 
to the function of smell. The proper vehicle of the iuipresaion id 
reptiles, as well as in birds and niammiferous animals, is air; ma 
this the former draw through their nasal cavities during inapiratioD 
effecting tbe operation by depressing their lingual bonCj and tha 
enlarging the cavity of the mouth. 

In birds, the nasal cavities are In general very large, their ei 

ternal aperture being in the upper mandible, and their internal 

the pharynx. The olfactory nerve is very large in carnivorous bird 

and its great siae, together with the great length of the nasal ci 

^ Titiea, serve to explain the immense distance at which some of them 

I — the vulture, for example — arc known to scent carrion : it is said 

J to be capable of doing this over the whole breadth of the Medit< 

ranean 1 

The nasal cavities of maramifcrous animals run in general bori 
ontally ^ but in the cetaceous tribes their direction ia perpendicuiy, 
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the outer opening beiDg at the top of their heada. Many aaimaTs 
of thia kind— as the porpoi^Cj the Trhidej and the narwal — are gene- 
rally regarded aa destitute of &mell, aioce thej have no proper olfac- 
t^iry nerve ; and certainly the hard and dry Imiog of their nostrils j 
like that of the prohojicifi of the elephant, ia apparently very little 
adopted to this scasation. The projecting bones, hj which the na&al 
cavities are, in moat animalsj more or less divided, arCj in qnadru- 
pedsj extremely coniplicatcdj being, in most herhivoroua species, both 
variously convolutedj and pierced sometimes like lattice- work, and, 
in most raruivorouSj lamelkted like the leaves of a book — ^a structure 
calculated, by jnereat;ing the surface, together with the groat kngtli 
in general of their snout, and the large size of their olfactory nerveSj 
immensely to increase the acnteness of their am ell. The ''intel- 
lectual noses," as they are called by Lord Bjron, of dogs are pro- 
verbial J and the distance from which many other quadrupeds, par^ 
ticularly such as are carnivorous, arc so rue times attracted by the 
smell, is wonderful ; white bears^ for example, beicg found to come 
swimming to the Greenland ships, when a whale is cutting up, from 
all quarters, and far out of sight. Some quadrupeds, as the hog, i 
the peccari, and the tapir — have a remarkable power of moviog the 
extremity of their snout; but this is probably less for the purpose 
of smell than for that of burrowiag, &:e., their snout being to them, 
as its proboscis is to the eleplrmit, a kind of hand. 

In in an J the sense of amelling is ptjrformed by means of a soft 
pulpy membrone, called the Schneiderian membrane^ full of pores 
and small vesaela, and lining the whole internal cavity of the nos- 
trils) it is thickest upon the septum, or partition between the nostrils, 
but thinner in the minuses, or cavities^ hollowed out in the bones 
about the ncae. The nerves of the nose being almost naked, require 
a defence from the atmospheric air, which is continually drawn 
through the nostrils, and blown out again by respiration. Nature 
has, therefore, supplied this part with a thick, insipid mucus, very 
fluid in its first Bcparation, but, by the air, condensed into a thick, 
dry, and more consistent crust. By this mucus the nerves are de- 
fended from drying and from pain. It is poured out from many^ 
small vessels, and deposited partly in numerous cylindrical pits, " 
and partly in the roiiod visible cry p tie or cells scattered all over the * 
Dostnls. The mucus is accumulated in the night-time ; but in the ^ 
day it either flows spontaneously, or may be more powerfully eX'- i 
pclled by blowing the nose. By becoming dry and harsh ^ it irritates'- 
the very sensible nerves of the lining memorane, and is then removed 
by sneezing. The tears descead into the noae by a channel proper ^ 
to the muKclos, and moisten and dilute the nmeus. 

Sight,— With respect to sight, it is equally doubtful, as witli ' 
respect to smellj whether there be any specific organ for this func*. 
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tion in qnita the lowest tribes of animals ; although iome of tbem, 
aa the armed polype, the sea-fetther, and some coral lines oertainlj ^ 
do see^ or at least are capable of distiDguisliJiig light from darknesis, ^ 
the former being always found to move towards the light, and the i 
two latter from it. It i3, however, prohahly by a kind of touch rhat ' 
they do this, rather than bj &ightj properly so called; and of thii I 
the Dumeroua papillas ou tha surface of the body may be presumed ^ 
to be the chief instruments j sOy also, the first appearance of distinct ^ 
organs of vbiou is that of stemmata, aa they are called j or small ^ 
koob», more or fewer, projecting from the surface of the body, as j 
is the case in the leech } and what are regarded as the eyes of the | 
snail; are little more than similar knobsj placed at the eitremitj of 
their long feel era, and uapablo of being retracted by the raascles of ^ 
the latter, into which they descendj as into the inverted fingers of a 
glo?e. Organ ti of this kind may servOj indeed, to distinguish j 

Fig. 74. 
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between light and darkness ; but it is impo.ssible that they can 
yey any impression of distinct images of objeots, since they J 
not the conditions necessary to produce such refractions of the raysj 
of light as are essential to this end. Among the few animals of 1 
this description which are provided with proper ejeSj is the cuttle-j 
fish tribe J in which those organs are very large and prominent* j 
Thej consist essentially of a dense opaque globular membrane — thel 
sclerotic ooat — ^filled with a transparent fluid, enveloping a small I 
lensj and smeared on its concave skJe with a black pigment, the use j 
of which is to absorb the anperfluous rays of iight^ and inQmediateljj 
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utider wlncli lies tlie rotina nr expansion of the optic nerve. This 
mem bran e h perfuruted anteriorlj bja kid ney-sb aped pupil, through 
which the rajs of hght are traasmitted to the retiaa; and over the 1 
whole is extended a second menibmne, so folded on itielfj as to con* 
stitute a kmd of ejelid. 

Similar to the Bteramata of some wornis are what are called lb© 
mmple ejea of insects; and suoh are alone found in the spider] 
and scorpion : they Heena to be organs rather of touch than of sightj 
although they have been presumed by Blunaenhacli to serve to dia* ] 
tinguiah near objeets. Very different from these are the so-csalled 
compound eyes of insects, suob as are met with, without any simple 
eyea, in the beetle and butterfly ■ while others, as the bee, have both. 
They are for the most part estremeiy large ^ varying, however, | 
between about one- 
sixtieth and one-fourth 
part of the weight of 
the whole body. Their 
structure is eminently 
beautiful ; conaiating, us 
they do, not of coats 
and humours, but prin- 
cipally of a series of 
pyramids of nervous 
Buhstanca conocctcid to- 
gether, the apices being 
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on the bulbous extrerai- aa, nntciimei A, faceti enlarged; B, tlio sBme, witli hain , 

ty of the optie nerve, ,™t.g b.tw.«« tLem. 

and the bases, invested each by a thick transparent membrane of & 
hexagonal shape, at the cireuui fere nee of the eye* This membranei 
presenting thus numerous facets, which look in every direction, ig 
called the cornea, and seems to be in insects the only iustrument of 
refriictioo, the images of objects beiog moat probably im pressed ^ by 
this means, directly ou the base of each pyramid, which is thus a 
kind of distinct eye. They have no lens and no pupil, or rather 
the whole surface of the cornea is one large pupil, there being no 
opaque coats to render a proper pupil necessary} and they are desti- 
tute both of eyelids and of muscles to move the eye, the numerous 
directions of the facets of the cornea rendering the latter super- 
fiuous. tlow strikingly different is this description of eye which 
charueterizes insects which fly, and require therefore an ample field 
of vision, from the simple eye found in the grovelling kinds* which 
either do not see, strictly speaking, at all, or certainly only quite 
contiguous objects ! Further, in insects which fly by night, like the 
moth, there is, in place of the black pigment lately mentioned aa 
found iD the cuttle, a substance of a rei^plendoEt greeu or silvery 
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colour, eerviTig not to absorb^ bnt to reflect the raya of light; und 
thug enublmg tbem to see by a muub more obscure ligbt than would 
othor^vise huve been necessary; 

Among vertebrate animsila, fialieii have nn eve pomewbat similar to 
that of tlie cuttle; consii?ting essentinily of a spheroidal seleroUo 
coatj containing the chief humour of the eje, a lens, which ^ as in 
fbe cuttle^ is almost globular, and a retina, which is often plaited, m 
it were^ into numerous folds, arranged like the meridian lines on a 
globe. They hare, however, in additioo, a proper cornea Hke insci^ts, 
presenting, not indeed nunjerons facets^ but one uoiformly convex 
surface, although the convexity is very slight ; and they have fur- 
ther, what insects have notj a perfectly formed iris, or circular 
curtain, placed before the lens, m which, and not, as in the cuttlej in 
tbe sclerotic coat, the pupil is situated. The rays of light accord- 
ingly traverse, in these aoimah, first tbe transparent cornea, and 
afterwards, in order, the anterior portion of the humours of tbe eye, 
the pupil, tbe lens, and tbe posterior portion of these huraours j by 
all which, except the pupil, they are more or less refracted, till they 
are at length brought to a focus on the retioa. Tbe chief peculi- 
arity m the eyes of fishes, as contrasted with those of the superior ' 
tribes of animals, is the comparative flatness of their cornea y and 
convexity of their lens } it appearing to have been the object of 
nature to efl^ect the necessary refraction of the rays in tbcni prioci- 
pally by the latter 3 the iris, moreover, in fishes, is almost entirely I 
motionless, so that the size of their pupil is always nearly the same. ' 
In general they are destitute also of proper eyelids; the eyeball' 
moving behind the common integuments — -to which it is attached by ' 
very relaxed cellular tissue — as behind a piece of thin glass or horn, ' 
In some few fishes, however, as the sun-fish, Cuvier has found a ' 
regular circular eyelid, the opening in which is contracted by a J 
sphincter, and expanded by five radiating muscles. The direction] 
of the eyeballs is usually outwards; but in some few fishes, as thft] 
stor-gaaer, it is upwards ; and in the plaice, flounder, dab, halibur, ^ 
turbofc, &c., the eyes are placed both on one side of tbe body — an ' 
isolated instance, according to Bluraenbaeb, of a want of uniformity ' 
in such organs, Tbe object, however, of such an arrangement in I 
this instance is obvious j for as these animals, destitute as they are] 
of an air-bladder, are destined to continue always with one side in] 
the mud at the bottj^m of the water, an eye on this side would bavai 
been superfluous to them. The most singular situation of the eye*] 
ball, however, is that of tbe Surinam sprat, the orbit extending ia j 
this fisb so far above the headj that the eye, as tho animal BwimSj 
near the surface, is partly in and partly out of the water; and alii 
its parts correspond with this strange structure, the pnpil being] 
partially divided into an upper and a lower portion, and the Itn 
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consisting of two globeB, an upper and a lower onej attacked toge- 
ther. It oppeara that the supermr part of the eye is, like that of 
terrestria! animalsj adapted to refract riijs tranamitted by air, and 
the inferior part, like that of aquatic animals, tkose transmitted by 
water; and that tke refracting power of the ee^eral parts of the eye 
is accordingly much le^a aboTC than below. It remains only to 
remark, that in Bomti fishes^ as the skate aod sbark^ there ii, as in 
jQsecta that fly by nightj a resploDdent aubBtance at tke bottom of 
tke eyeball, instead of the bla<ik pigment which is usually found 
tbera ; its use being rather to inereaae tha^i diminish tke number of 
rays which fall upon it. 

The eyes of reptjlea in general do not differ materially from those 
of fiahes, except that they appear to poasesa tbo power^ of which 
those of &hcs are destitute, of adapting them sokes to refract rays 
as transmitted either by air or by water. We have already hinted, 
when itpeaking of tke singular eye of the Sunnam sprat, that the 
refnicting power required ia different in these two ease?, as any ono 
may satisfy himself by attempting to distinguish minute objects 
placed in water, with his head likewise immersed in this fluid. The 
reason that he eannot do this is, because, though there ts a sufficient 
differenee between tke denilty of the humours of his eye and tkat 
of the air, to bring the rays transmitted by the latter to a focus on 
the retiufl, there is not a sufficent difference between tke density of 
these buraoura and tkai of water, to do the same by rays transmitted 
through this fluid, so that suck rays are not brought to a focus suffi- 
ciently soon. Hence, divers in some places are in the habit, wheo 
they descend into the water, of using extremely eonTex glasses, in 
shape almost like the lens of fishes, aod turning their eyes, by thia 
means, as it were, into those of an aquatic animab But kow do 
reptiles manage this ? Not by using spectacles, nor by increasing 
the density of their kumours ; but by increasing the distance be- 
tween the cornea and retina — which they effect by compressing the 
globe of the eye by proper muscles given to them for that purpose-^ 
60 that tke rays wkick, from the defective refracting powers of theif 
humours, would have otherwise formed a focus beyond the retina, 
uow form a focus upon it. When again in the air they relax these 
muscles, and the retina ogain approDcbing the cornea, still receives 
the focus of the rays, which, as passing now through air, are suil^ 
eiently refracted for the purpose. Whether we regard, then, the 
bcjirt and blood-vessels, the respiratory organs, or those of the senses, 
in these tribes, we trace equally distinctly tke main object which 
nature had in view in their construction. The motions of the iris ia 
reptiles — now for the first time perceptible — are still extremely 
languid, and the form of tke pupil is very various, being rkomb- 
shaped in the frog, vertically JSaX in the crocodile, &c, ; but ibis, 
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probably mates no diiTerence in the plienomena of vision. Willi 
respect to ejclidat all leptilua are furnialjed more or less perfectly 
with these, except serpen ts^ whieh, in being destitute of proper eye- 
lidsj resemble most fikhts. The direction of the eyebiili is, as m 
most fishes, com m only outwards; but in the crocodile it is, as in tha 
gtar-gaacr, a little upwards as well as ontwards, obviously for the 
purpose of enabling the animal to see its land prey, aa it floats 
leisurely just beneath the surface of the water. Reptiles have also, 
all of them J again excepting serpents, another organ which all fiabea 
want, — namely, a lachrymal gland, the secretion from which serves 
to bedew the anterior part ojf the eje with moisture, and thus to 1 
fiicilitate the motions of the eyelids* Sncb an orgtm would evidently 
hiive been quite superfluous in fishes, which are always under water j 
but it is particularly necessary in amphibious animals, which, when 
on land, must furnish from their own i^esources'a iluid so abtindanlly 
supplied to them when in the water from without. This gland is 
accordingly of immense size in turtles ; mid the allusion to crocodile** J 
tears, as flowing easily and copiously, is familiar to everybody. 

The cjcs of hirdfi are remarkable principwllyt like the compound | 
eyes of insects, for their great size, the use of this being in both the 
the some — that of enabling them, when 
on the wing, to see objects at a great 
distance. With respect to the cornea 
and lens, they are directly opposed to 
those of fishes ; since, while the cornea 
is comparatively flat, and the lens almost 
globular in fishes, in birds the cornea is I 
MTEKAL Avn FULL vTEw or ETOALL tir rcifiaikubly prominent, and the lens ha»j 
^ Tery wn.exTmeA; h, sd.roti. ^ery little convexity. The motions of i 
Mwi, irur»iiadi}d at cy by bony the iris lu most birds are extremely] 
^ ^^' rapid, and in J^ome apparently voluntary, 

The pupil is in some, as the dove and goose, trLjnsversely oval, while] 
it is vertically oval in others : getierally f=peaktng, indeed, it has thai 
former shape in herbivorous animals, whether birds or quadrupe^isj 
and the latter in earnivoroas. All birds have proper eyelids, the I 
lower of which alone u movable j and they have, in addition, an- 1 
other membrane called mem bran a nictitans, which is merely &i 
morable fold of the external membrane of the eyeball: it is not f 
quite proper to birds — being found also in some fishes and reptiles — ^ J 
but it is most remarkable in them. With reryfew exceptions — the I 
owl among others — the direction of the eyeballs is, in birds, out^l 
wards. 8iich birds also, as well as insects and fiihes, as go in search I 
of their prey by night, like the owl, huvo a shining subs^tance at thai 
bottom of the eyeball, for the purpose already ulluJed to. In some ] 
birds with piercing sight, as the falcon and crauc^ the flattened oplia 
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nerve baa one of ita surfaoea folded into numeroua pi aits j bearing 
tbe eaaie relation to the other as the leaves bear to the back of a 
book; and the extent of Eurfiiee thus gained maybe easily imagined. 
Among the inaminiferous animab, the cetatjeoua tribesj as we 
should expect froai their habits, have eyes very similar to those of 
fishes ; the cornea being comparatively very flat; and the lens almost 
globular, while tbey are destitute of proper eyelids — a kind of mem- 
brnna nictitana alone supplying their place — and of a lachrymal 
gland. In the other tribes, the comparative convexity of the enrnea 
ftnd lens is intermediate between that of these organs raspectlvely in 
fishes and birds; while the motions of the iris are the rnean^ as it 
werej of those of reptiles and birds : in some quadrupedM, moreover, 
as the catj they seem to be in t^oruc degree voluntary. The form of 
the pupil is tj ausversely oval in the pecora and soliduugula, aud vcr- 
tieally oval in the ¥trvc. The direction of the eyeballs m in most 
inamraiferous animals outwards j in the ape, however, babboon, 
monkey, and some few otliers, it is, as in man, directly forwards : 
further^ in some quadruped!?^ as the camelopardj the eyeball, 
though naturally directed oatwards^ may be turned so far b nek wards 
as to enable the animal to see distinctly behind it. Like the noe- 
turnal animalsj also, of other tribes, quadrupeds which prowl by 
night, such as the lioD, lynx, cat, bat, &<n, have tbe structure as al- 
ready more than once d escribe d, calculated to enable them to distin- 
guii^b objects in comparative darkness. On the other hand, where 
the habits of the animal are such as to exclude it altogether from J 
the lightj as no structure of the eye could have compensated for the 
want of this essential condition of sight, nature hatj denied them a 
visual apparatus altogether — as io the case of the mole^ which haS 
no optic nerve, and an eye go small, that its existence has beea 
doubted; but whatever be its size, in all animals the eye is a perfect 
optical instrument J and admirably adapted to the circumstances in 
which each species is placed. We know it to be composed, us we , 
shall hereafter see, of menibranea and humours of different densities, 
BO that they may transmit and refract the rays of light with the 
gTe:iteBt regularity and exactness* In the eyes of all animated 
beings, we see the wisdom and beneficence of the Creator. If the 
animal dwell in water, the cornea is flat, and the lens spherical ; if 
on the surface of the earth, we find, on the contrary, the cornea 
more projecting, and the lens more flat ; and again, if it wing iti I 
airy flight above us, its cornea is the most projecting, and its lens th# I 
fiutte^^t uf all. 1 

Hearing* — In the very lowest tribes of animals it appears thafc 1 
this function, like those of smell and sight, is merely a more deli**j 
cute kind of touch, and performed equally by the whole surface of*] 
the body. The greater number of animals of this dcjscriptioo bavei j 
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no obvious auditory apparatus^ the cuttle being among the few ex- 
ceptioDSj and fumisbiDg perhaps the best esanaple of an ear in its 
rudimcntal state . In tbia animai it consibta merely of a mem bra- 
il ous bug filled with liquid, situated in & tubercle of the cartila^noua 
ring which surroundB the gulletj and surrounded on all sides by car- 
tilage. Upon the outer surface of this bag is distributed the audi- 
tory nerye; while, within the liquid which it coutflins, ajc some 
little pieces of earthy matter, presumed to be necessary to render 
the vibrations of the liquidj on which sound depends, sufficiently 
forcible to make the requisite impression on the nerve. 

In the greater number of ioseere, alsOj the auditory apparatus IS 
very obscure ; although it is certain that they do hear, and even 
very acutely. The immediate seat of the function has been pre- 
enmed to be the ujembrane which connects their antennas with the 
head — ^but spiders hear which have no antennae, and grasshoppers 
after these have been removed. In all likelihoodj it is, in the ma- 
jority of insectsj merely a variety of touchy and common, therefore, 
to the greater part of the surface. In such animals as present any 
appearance of a distinct auditory apparatus, as the cray-fishj it is very 
similar in its structure to that of the cuttle -j consisting, in like man- 
ner, of a hag filled with liquid^situated. in this instance, in a bony 
cylinder at the root of the larger antounoD — an auditory nerve ex- 
panded upon it, and some pieces of earthy matter in the liquid which 
it contains. In the cray-fish, however, unlike the eutllej the bag. 
in question is not surrounded on all sides by the hard mass which 
contains it, but is near the surface of the body, in contact with & 
thiu membrane — -the first approach to the external parts of the audi^ , 
tory apparatus, as met with in the higher tribes of animals. 

Nor \B the auditory apparatus of most fishes raucb less simple 
than that of the invertebrate animals. The membranous bag, how- 
ever, above spoken ofj b connected in gonera.1 with three semicircular , 
canals, of a similar structure, and furiiishing more space for the dis- 
tribution of the auditory nerve; and the earthy pieces, within the 
liquid contained in this bag, have begun to aesume the appearance 
of regular bones. Still, in most fishes all these part^ arc buried 
within the skull, and send no process to the surface^ in some of the 
cartilaginous tribes alone this bag being prolonged to the upper and , 
back part of the head, where the blind termination of it is covered , 
by the common integuments of the body. One fish alone ^ — the le- ^ 
pidolepms tracbyrynchus — presents any appearance of a canal, pro- 
ceeding from the surface to meet the internal parts, as in all animals 
above the rank of reptiles. But the extreme simplicity of the au- 
ditory apparatus in fishes and other aquatic animals, is precisely what; 
we should have looked for in beings destined to bear through the 
medium of watery the vibrations of which, being so much more , 
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powerful tlian ihos^ of oir, would render the cnniplicated apparatus, 
requisite in terrestrial auiiuula^ m them superfluous. 

According! J, it ]a in reptiles thjit we meet ivith^ for the first tim©j 
more or lesa eouatantly, not jinked a canul leiidiDg from the side of 
the head towards tbc ear^— whieh none of them have — but one lead- 
ing from the bach of tbe phuryux, ti> form a ciivitj, interior to winch 
all the parts already described are situated. This cavity is called 
the tjiupanuuij and eou tains more or fewer distinct boncj^j moved bj 
proper inust'les, and serving to increase the impulse derived from 
the vib rut ions of the air, and to convey it to the internal parts, 
which now take the name of labyrinth. Some additions, also, are 
now luaiie to ihis ; for^ besides the three semicircular eanalsj already 
described as branching from the common bag in one direction, there 
is now a second series of canals, of a very complicated structure, 
called cochlea, branching in one anDlher, iind affording, of course, 
sMll further apace for the expansioa of the auditory nerve. It is 
true these paitd are not c^mimon to all reptiles; serpenb^ for in- 
6 tan cc, having no tympanum — although they have a small bone, 
analogous to those which, in other reptiles, are situated in this cavity, 
but which J in serpent?, is lost in the muscles of the jaws — and none 
but somo of the highest orders of lizards, as the crocodile, having 
a cochlea. The last-named animal, moreover, makes the first ap- 
proach to the well-known appendage to the ear, techQically called 
I he pinna; being furnished with a kind of external flap, with which 
it clones the auditory apparatus at pleasure. It is in this way, pro- 
bably, that the animal excludes too intense souods when under 
water J but it appears that the greater number of amphibious ani- 
mals ure capable of adapting their auditory apparatus, at least par- 
tially, to the medium in which they are, by putting all the parts 
upon the stretch J by means of the niuEcles already spoken ot^ when 
in the air, so as to qualify them to receive slighter impressions, and 
by ih rowing them all into a Hfate of relaxation when under water, so 
as to prevent them from being stunned by more powerful ones. 

In birds, at length, wo con.-tnnlly meet with a short canalj leading 
from the side if the head^ and meeting that coming from the pha- 
rynx, in the tympanum. They have but one bone in this cavity; 
and the general structure of the parte of their labyrinth is very simi- 
lar to that of the higher orders of reptiles. Birds in genertil want 
a proper pinna, or ear- flap, its place being commonly supplied by a 
pruall tuft of feathers; the owl, however, has something very similar 
to this purt as found in mammiferous animals. 

The audititry apparatus of the mamaiidi:i is in general Htde mora 
thtm a greater development of the same parts as are found in birds. 
The bones within their tympanum are from two to hix in nuniber; 
and all have a pinna except the cetaceous tribes — in which it would 
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baye been saperfluousj from the ?ibration.i of water being too etron 
Ito require to be collected by this means * — and some otherBj wbic 
[ejtber dwell much in the water, a a the shrew, or burrow nndei 
rooDdj as the mole, in wbicbj for an obvious reason, it is still Im 
ffalled for. The shrew, however, h provided with a kind of flaprl 
Jlke that of the crocodile, the principal use of which seemis to be,! 
BO far from increasing the intensitj of the inipreaeiooj to diminisbJ 
ft wlien the flniinal h under water. The great size of the pinna ia 
Bome quadrupeds, and the frequency and rapidity ^ith which theyj 
Qove it in any direction, are familiur to everybody j and may weM 
r#ccountj in conjunetion with tbe complicated and delicate structural 
■of the internal parts of tbe ear, for the extremely acute hciurlng 
fhich they enjoy, and which is bo necessary, in many instances, m 
Ibeir security, llenee^ a frequent and rapid motion of ihe ears ii«] 
Un all animals, with justice regarded as indicative of a timid diepM 
jiition. We do not here allude to the organs of aigbt and of hearing 
man, since their description will more appropriately ftill under ou 
tretitl-es on Optics and on Aconatios, 

Taste is certainly, not ooly in the lower, but in all tribes of ani-i 
ciab, merely a more delicate kind of touch; and is situfltedj for ths| 
nost partj not exclusively in the tongue, palate, or any other ind" 
Hdual organ J but in the whole interior of the mouth. 

Ah hough J therefore, in many animals, as the snail, cuttle, and 
sbcs in general, as well as in some individuals of the superior class^i* 
Jtbe tongue is hard and cartilaginous, and apparently very litt] 
adupted to this function — nay, although it is, as in the flying -fish and] 
gar-pike, altogether wanting — we Lave no reason to believe that they J 
are destitute of taste; and the same thing may he said of the niiJ 
meroua animaU in which thefoDgue is covered more or less perfeetly^j 
with prickles, or even with feathers, like the toucan, or aoalegij likil 
one kind of bat^ which must, in a great me^isuie, obvijitQ the cont! 
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with it of sapid atiUtaDces. The inimediate initnimenfc of taste 
eeems to he certain pointed projections, called papilltej with which 
the whole membrane lining the mouth is more or leaa abundant] j 
furtiiahed; and that organ will be, of cour&e, in all animals the prin- 
cipal seat of this function, on which theso papilki; ure most copious. 
In man this ia the tongue^ the papiliaa of which are larger and aofter 
than those of the ettDj perpetually moist, and performing the office 
of touoh more exfjnisitely than the smaU anfj drycutaneoua papillie. 
J. ^g In the greater number of animala, also, it is uu- 

questiouably the tongue; and this organ is in 
some, aa the bee atid hummiug-hird, rolled into a 
sucking-tube, and therefore not only BubfJorvient 
to taste, but also to imbibition ; and^ accordingly, 
when the lips take the sume form, as in the wared 



whelk, and Tarious kinds of fiy, we may presume 
they are an organ, not only of imbibition, but of 
taste. Acute I less of taste see ma to be much pro- 
moted by a copious fiow of saliva, by which the 
Rapid piirticles are disaohi^d; and it may bo presumedj therefore, 
that it ia much greater in the herbivorous than in the caroivorous 
birds and C|uadrupcds, as indeed the necesHty which the former are 
under, but from which the latter are exempt, of distinguishing 
^wholesome from deleterious herba, wnuld seem to re^^uire. Carni- 
vorous animals, on the other hand, are directed to their food princi- 
pally by the smell. 

Toueh — the most general of the sensations, and of which all the 
rest are perhapa ooly varieties — ia Seated, collectively speaking, in the 
whole surfiie© of the hodiea of animals; although it ia in each much 
more delicate in certain pacta of this surface than in otiicrs, owing to the 
greater number of papillae with which they are furnishcdj and which 
are generally the immediate instrument as well of touch as of taste. 
The common integuments of the hodiea of aninsala in general con- 
sist principally of the scarf-skin or cuticle; a substance immediately 
below this, called corpus mucosum, of which the nails and hairs are 
merely modifications; and the true skin or cutis, the seat of the 
papilla in question ; and there are few animals, even of the lowest 
trihea, which have not all these envelopes in one form or another. 
In the armed polype indeed, the sea-blubber, the slug, the earth- 
worm, and many similar animala, the cuticle takes the tbrm of mere 
mucihige; while in the corallines, on the other hand, it assumes that 
of & csleareoiis mass, by which their bodies ans invebted. In otherS| 
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again, it is the corpus itiueosum which gives them their earthy covcr- 
iug, a proper cciticlc boiug found exterior to it, as in the gea-urchin 
the star-fish, and all tbc testact^oua tnles : the sharp pnekles, ab 
[ on the sbcll of the eea-tirchin, as well as the lairs of the carth'Wormjj 
I and numerous other nniuials of this tribe, are merely modificatioti 
of the doroe suhsttince. A proper cutis seeins, indeed, to be want^ 
ing in the corallinesj as well as in some other animals of quite iht 
lowest orders; but in the testaceous tribes, aa the oyMer^ fche cloak m( 
prffbably a modification of this part, and it is accordjuglj upon ihis^ 
or some correeponditig organ, that the tentaeula, or immediate in*! 
fitruoients of touch, are commonly incfc wiih. The perFp)ratioi|| 
from the surface seems to hear the same relation to touch as ihet 
saliva hears to taste ; and there are, therefore, few animals which d(l| 
not perspire in one form or another. In some of these tribes, as th© 
sea-blubber, the perspired matter is said to he luminous ; and it M 
to this cause that the spaikling appearance of the sea by night ii| 
^ome places has been attributed. 

In insects^ the cuticle is always membranous j while it as. tha 
corpus mucosum which constitutes their horny or calcareous sheatUafl 
and forms J also, id some, as spiders^ flies, gnats, bees, and butterflies,! 
the flue hairs, feathers, or scales, with which tbcy are in certaiii 
parts invested. The proper catis^ again^ is below this, constituting 
in the lobster, for example, its membranous pellicle. This part iS| 
however, so completely defended, for the most fjart, from the contaci 
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of external gahatanees, that to most insectg are giTen in addition 
auteDDfe, palpi, drrin^ &e., called in general feelers, aitnated com- 
monly about the mouth, and the chief seat, in them, of the function 
of touch. 

The cuticle is memhranoua aUo in fishes, and immediately invests 
their scales, as well as the bristles of the stickleback, the tubercles 
of the sturgeon, &e.^ all which are formed by the corpus mucosum.* 
Under this is the cutis. 

Not only arc the em ell and tast« of fishes very acute, but their 
touch not less so than that of animals in general. It is astonishing, 
howeverj what an extreme degree of beat some fishes caa bear. In 
the thermal springs of Bahia^ in Brazil, many small fishes were seen 
swimming in a rivulet which raised the thermometer eleven degrees 
and Q half above the temperature of the air Sounerat found fisheg 
dieting in a hot spring at the Manillas at a hundred and fift)^- eight < 
degrees Fahrenheit; and Hnmboldt and Bonpland, in traTclUng in 
South America, perceived fishes thrown up alive, and apparently in 
health, from the bottom of a volcano, in the course of its explosions, 
I along with water and heated vapour that raised the thermometer to 
' two hundred and ten degrees, being but two degrees below the 

boiling point. j 

' The bodies of most fishes are covered with small brilliant plates ] 

I of a homj nature, called scales ; but in certain kinds these are 
I wanting, as in the turbot, in place of which are found osseous or 
j cartilagiaous protuberances in some species, and in others a very 
I smooth skin, without scales or rugosities, but covered with a thick 
gelatinous secretion. It was observed by Steno, in the skate, that | 
this slimy matter was poured out from numerous orifices regularly , 
placed near the surfaee j and Dr. Monro has recorded his discovery , 
of a very elegaat structure for the preparation of this mucus between 
the skin and muscles. The eeeretion is so viscid that it is with great 
difficulty pressed out. There is a species of carp — tke rex cypri* 
norum of Linu^us — that seems to hold a middle place between the i 
rough and smooth-skinned fis^h ; the upper part and back is covered 
with scales, while these are altogether wanting on the lower part j 
^v End belly. 

■H In reptilea the eutiele is either membranous, or, as in the frog^ 
^^Koonsists merely of mucilage, as it does in many worms already 
^^Hoticed. The corpus mueosum in these animals assumes the fo 
^^■fiitber of a soft, viscid substancoj as in frogs ; of a horny shield as inl 
^BtDrtoises; or of scales, as in serpents and most lizards j some of the J 
1^^ latter, however, as the cirocodilc and aliigator, have it ugain in thej 
P form of hard pkte!=, like the shields of tortoises. It is of the corpusj 
r mucosum, a bo, that the elaws of such reptiles as have them are con-i 
fltituted The proper cut! a is situated under- this ; und as the papillas^ 
U 
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fa most numerous about the Bolea of the feet, we must 
it is iQ this part principally that the touch of reptiles 



iiratioQ of reptileais io general very copious j that of the 
saj^ , for example, beiug so much bo, os to extingmah flame, 

aod thus lO have given rise to the fable of iU being capable of Hving 
in the fire. In some, aa the toad, the per-spired matter is of a poi- 
sonous quality ; and in one kind of lizard it is so acrid a& to blister 
the fiogers* 

In birdsj the cuticle is again membranous ; while the corpus mu* 
connm assumes the funUj upon the mandibles, of a bill j upon the 
body in general, of feathers; upon the legs, of scales; and at the 
GKtremity of tlie toes, of claws. Under this is the cutis, which, 
abounding in papillae, most in general below the bill, particularly in 
the swan J goose, and duck, may be presumed to rendur this orgatt 
the most sensible to external impressions. 
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BHi Alls Toiratr or wild duck (Anca hoti^iat). 

In mammifcrous animals, the membranous cuticle covers a oorpua 
TOUCOSum, generally of a soft viscid consistence, but in some few 
animals of this class, as the rhinoceros, armadillo, scaly ant^ater, 
&c., assuming the form of hard plateSj like those of the crocodile 
and alligator. It is of the corpus mucosum, also, that are consti- 
tuted, iu some few, as the duck-billed animal, a perfect bill ; and, in 
the greater number, the bair^ fur, wool, bristles, quills, j&c*^ with 
some one or other of which their bodies are covered ; as well as the 
horasj claws, hoofs, &c-, jvith wbich many of them arc furnished , 
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Tlic cutis, lying under rhi^, i?*j in all, the organ of touch ; which ia 
most aeutCj in the duck-hilled ^luiuial, upon the bill^ in the carBi- 
Torous tribePj at the root of the whiskers; m those iK-ith movable 
snontSj as the mole, hog and elephant, upon that organ; in the bat, 
npon the meiubrane between iheir fingers^ commooly called their 
wings J and in ninat of the GlireSj as the squirrelj as well as m apes 
and other animals of this description j at the tips of the fingers; since 
it is in these organs respectively that the papillae are tnost abnndant. 
It is unnccessatry to poiet out how admirably this corresponds with 
the habirs of each of thc^te animals; and the delicacy of touch which 
some of them enjoy io the organs id question is wonderful — an 
elephantj for example, being uble to dtstinguiah, by the tip of its 
trunkj between the most minute objacts, and a bat being capable, 
though deprived of the use of its eyes and ears, to direct its rapid 
flight through the most fntricatc places*, the touch alone of its mem- 
branous wiogs sufficiently apprising it of the contiguity of objects, 
and tbu^ enabling it to avoid them, 

COE»cioiiai:eBs<^--The animal functions, or functions of relation, 
are currently spoken of as the functions on which conFciousnesa pe- 
culiarly attends!:* The stutes of coo&eiousness are the various states 
of animal being in which the sense of existence is present. Thus 
every exercise of mind in msn is properly described as a state of 
COUHciousne&s, All his sensations, emotions, appetites, and desires, 
ure so many states of his consciousness ; since the feeling of exist- 
ence is an essential element in all these stveral affections* The exer- 
chse of locoTuoticn, in obedience to volition, is a state of conscious- 
ness; and even involuntary iicta^ such as yjiwning, sigbingj hysteric 
lauglimg, and the like, come under tlie head of conscious acts, or 
acts into which J as an element, the sense of existence enters. HencCj 
it may be inferred, that^ in the lower ouiniiiljSj acts of pure instinct, 
altogether indepettdeut of atiythittg like volition, are often states of 
Consciou^nei^s, Thus man'tf animal existence is made up of a long 
succession of states of couatiousncss, scarcely altogether interrupted 
even during sleep. 

The analysis and methodical arrangement of such states of con- 

[less constitute (he proper bu&ineta of the philosophy of the 

mind. Of locomotion and the senfses of animals we have 

fly briefly spoken; and, for the present, a few words mngt suffice 

aBatioD, emotion, reason, instinct, and thought* 

ation h a mental feeling, or state of consciousncBS, to which, 

certain corporif^l preliminary conditions are essentiaL 

I point of a needle mtikes the slightest puncture at the sur- 

uo, a sensation takes place. The feeling of pain com* 

n may speak ^ with a sense of existi^nce, constitutes 

istinctly enlilled to bo termtd a state of conscioas- 




riess. But tbcre Is ulio another clement in such a aenaatioo, wbieh 
does not manifest! j enter into every slate of conadousness. That 
other element is, that the eorjstriout;i!e,ss hfis a lacal seat; that the 
consdoitSQOs^ of psiin h felt to exist at the p^kvut where the needle 
bas pierced the ekin. But anatotnj quieklj tenches us ibat the sen- 
&ible point which the needle touches* m not the mdependenr^ oUhougb 
the manifested seat of seoiiation. It \s found, that sut-b a point of 
the i>uilace <if the body only remains &cn?*)ble on condition ibat ner- 
vous filaments extend' to it from the nervous eentre, that is, from the 
brain or spinal marrow j that sneb filaments arc entire and un- 
broken; and further J if they be divided, compressed, or otherwise 
seriously injured, that a needle may be thrust into the port without 
the proJuetiun of any mental feeling whatever. Id Fthort, it is dis- 
covered by a little Investigation, that when an i m press i on , Bueb ns 
that made by a needle, affects the extremity of a nervous filament^ 
a correspondieg change occurs iu the point of the brain, or spinal 
marrow, to which th^it nervous fikment extends; and that this 
change in ibo nervons centre fails to occurj unless the nervona fila* 
inent concerned be entire in its whole extent. The singularity here 
to be observed, is, that al thong b the point in the nervous centre is 
plainly that on which the mental feeling depends, yet that that men^ 
till feel if ig is not It It to have any local existence, except at the ex- 
tremity of the nervous fihunent touched by the needle. Thus the 
seat of sen sat ion J the local seat of the state of coDSciousness, which 
constitutes a sensation, is always in the organ, or part of the body^ 
where tbc nervous filaments concerned teriniDute. It Is quite 1 
as Epicbarmus sung ; 

**Mind it sceth^ mind it heareth — 
All beside is deaf and blind ;" 

nevertheless, the local seat of sensations is in the skin, the mem- 
brane of the nostrils, the membrane of the tongue, the labyrinth of 
the ear, the retina of the eye, und fitially, in the locomotive organs 
in general, when brought into action. 

The nand has, indeed, no local seat. It would be absurd to speak 
of a Bpiritnal essence as having parts, or being in connexion with 
space ^ but J nevertheless, it is quite certain that in sensation the 
mind manifests itself in what are termed the organs of sensation* 
Here it is^ then, in the skin and the other organs of sensation, that 
the confines of mind— so to speak^— and the confines of matter meet* 
Nor is it erroneous to say that it is iti sensation that njind commu- 
nicates with matter. This view leaves the spirituality of tho sen- 
tient prioeiple wholly no touched. For, as Sir William Hamilton 
remarks (Keid's Works^ p. 862)^ *' the connexion of an uneitende^ j 
with an exteaded substauoSj is equally inoomprehensiblej wLe^^ 



SENSATIONS OF E3I0TI0N, 



181 



we cfintraofc tUe place nf union to a central pointy or irli ether we 
leii^ve it co-extctfsi\'e with orgaDizDlimi/^ 

The Dotion of eiEteusion, or rather the eapabilitj of forming the 
notion of eiten&ioDj is uDdnuLtedlj nn original endowinetit of the 
human mind; but the realization of that notion, there is little 
reaE=on to doubt, takes place as the infant gr ad noil)- notes the variety 
HJ the local sents of the many sen^aJiona continuallj occurring in 
hia consciousness. In short, as Aristotle taught, the infiiiit'a body 
is contiiiued within his soul in the exercise of sensation. 

Besides sensation, there are no other states of consciousneBS 
which have a manifest local seat, unless that it be said in a some- 
what different sense of certain emnliona. For, there are motiong 
which are very constantly attended with certain bodily feelings^ 
whirh feelingH, on investigation, are discovered to be eensationa 
arising during the exercise of certain muscular aete, which become, 
m it were, the signs of those emotions. All esprestion of emotion, 
whether calm or passionate, consists in certain movements of the 
locomotive sy4^tcm ; and such movements of tlio locomotive system 
are attended^ like the action of muscles in general, with sensation a 
originating in the effect produced on the nervoua sentient filaments 
of those muscles by the physical changes which thej then undergo* 
Henee it appears that emotions them'selves are not states of con- 
sciousness having a local seat^ hut that many emotions are aceom- 
panied by muscular acts which originate states of consciousness, or 
sensations having a local seat. 

To such consecutive sensationSj the name of sensations of emotioa 
has often been given. 

Emotion, in a larger sense, may include not only passions, but 
also desires, and, owing to their analogy with desires, even appetites. 
These constitute the iinj>ulsive part of human nature — ^ leading to 
action too often with a vehemence overpowering all reason. All the 
bodily acts which result from cuiotion^, passions, desirepj and appe- 
tites, are doubtless attended with corresponding sensations; but, like 
those already mentioned, these iocallzed states of consciousness are 
consecmive — not identical with these affections. 

In proportion as man in society learns to control the impulsive 
part of bis nature chiefly by the influence of reasonj he advances in 
civilization. In the words of Ovid : — 

•*Et quod uuno ratio, impctiia aute fait" 

EeasoE represents, collectively, the faculties, properly termed th© 
Intellectual Faculties. Reason, howeverj implies the previous ac- 
cumulation of knowledge, however slender, by comparison with that 
store of which man is capuble. It has been well described as the 
action of tho mind upon its knowledge, ** Its power," says Isaao 
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Taylor, "over itself, a poiver directed by koGwIedge, and employed 
for tbe accomplisibmcnt of some purpose foreseenj is what coDstJtutes 
reason." EeasoDj by tbtj knowledge of tbo postj confiults for the 
future, putting a restraint upon present impulees. lleason* bj refe- 
rence to wliat the memory can supply from the past, combines the 
menDS suitable to effect ends, and, not discouraged by repeated fail- 
ures, ebttDges and improves tbege means till the end is accomplished, 
m often as that is attainable. By reason, also, it is often determined 
that suth and such ends are not attainable by the means aotually 
within reach* Thus reason i^ not so much a Mngle fatuity as a 
power of combining the operation of all the intellectual faculties to- 
wards the attainment of the oljecl in Tiew. 

The first men, beyond questionj had no otber sbelter from the 
scorching rays of the sun, and the rains, and the blasts of heaven^ 
than the woody thitket, or rhe natural caves of the rocka and moun- 
tains. To this dajj near the banks of the Jordan, there are trihea 
wbo live in mountain eaves. In Borneo there are races wbo live in 
trees, like monkeys. .There are African princes who hold their au- 
diences in Nature^s own palace, under the shade of the gorgeous 
banyan. Let us suppose that a party of primitive men had strayed 
to a place affording the shelter neither of a thicket nor of the moun- 
tain cave, and that the heat of the sun, or the season of rains, caused 
them annoyance ; then would arise the exercise of reason, — the first 
display of man*s building talent. The inconTenienee he suffers 
from the loss of bis accuiitonicd shelter, carries bis thoughts back to 
the form of that sbelter. Let us first suppose that bis original 
shelter was a cave. It is not any inward impulse which leads him 
to fix poles in the ground, inclined to each otber at the top for mutuinl 
support^ and to co%"er these with the skins of animals he has killed 
for food, or with the large leaves and twigs he can eoHect around. 
Bdt the desire to produce the likeiiCEis of bis former cave raises a 
train of thought, in whicb are presented all such observations of his 
past life as bear on his purpose. The minute recollection of these 
siira him on to the work^ and, after failing and succeeding by turna, 
he at last, with repeated trials, constructs a rude fent, or but, on the 
model which originally arose to his mind. It is by the imitation of 
what had bufure been seen that reason acts in such a ease. In short, 
here it acts on the knowledge before accumulated, so as to apply 
it to the purpose in view. Here reason appears in its proper cha- 
racter; not as a single faculty, collateral with memory or imagina- 
tion, but as the nmstcr of the faculties^ that which controls and 
eonipels the subordinate powers each to contribute its proper share 
to the work. 

Had the party referred to never seen a cave, but been accustomed 
to the shelter of trees, the first tent would necessarily take more of 
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thii fiUMii of a. tree; tiudweru tho niodt:! tiec a biinyuiij we mu^t sup* 
pose the tent would have been m tbe ^hapc of a huge umbrella, eup- 
partcd at the circumfcrenco with sieudtir posts^ iuid iu the luiddJe by 
a st^^tlt pillar, corre.spoudiug to the central stetu and descending roofcs 
of that singular produi-Uou of tbe vegetable kingdom. 

InatincL — lluw difTercnt ia instiucti Instinct is an agency 
which fHjr fur DiS bNndly and ignorautly a work of intelligence and 
knnw ledge. Many aniuiiile, particularly birds und insects, construct 
works to which, at first sight, there "would ^c«ui to be requisite no 
snmll degree of forethought, knowledge^ and calcuUuou, In short, 
to produce tuch efFcets as ;ire produced by iiurny animals, an inti- 
mate knowledge of the principle^i itf ujathematicEj, and of the laws 
discovered by ujan in the physical sciuin^os, wtMiid fceeni to be easen- 
tiah Does any one believe that sueh knowledge and such faculties 
as lire ucecssary for the con bt ruction of the hodeyeombj reside in 
bec^ in the aaiue sense iu which it is suid that such knowledge aiid 
fiiicb faculties belong to a niaii wk«> i;^ possessed of them ? ** It 
would take/' ^ys Sidney Smith iAIonil Pidio&ophi/^ p. 243), "a 
senior wrangler at Cambridge ten hours a-duy, for three years toge- 
ther, to know enough uiathematics for the calculation of these pro* 
bleins, wiLh which not only every queen bee, but ^x^jy undergra- 
iuate grub, is acquainted the moment it is born/' 

It is not, however, suffieientj with It^aao Taylor, and many other 
authors, directly to impute the knowledge and the forethought to 
the Creator j because we are required, ia Bludying such a subject, to 
consider all the laws rcgubting such acta in the orgnnie kingdomSj 
and endeavour to ascertain, before ^iuch a direct reference is made to 
the power of the Creator, how far (he instincts of birds und inseetSj 
by which so many woudyrful effects are produced, are not merely a 
part of a larger law which operates in that pari of nature as a whole. 
The final reference, of courbc, is to the power of God, whatever be 
the result of our inquiries* 

It is now many years since it was observed, in man and animalgj 
in general, that certain impressions made on the organs of sense, or 
on sensible parts of the body, lire succeeded by muscular acts, Rome- 
timea of a very complex kind, performed altogether independently 
of the will. It was not at first obbetved, that on many occasiona 
impressions might be made ou uiany parts of the body, such as give 
rise to complex muscular acts of thi^ Itiud, not only indepedently of 
the will, but even without any const ion snesa on the part of tbe in- 
dividual that such impressions had been applied. Such, however, is 
the ca£e. The nervous system is so constituted that certain impres- 
sions made on the extremities of nervous iilaments, terminating 
chiefly on the surfaces of the body, are succeeded by the dctermina- 
tioti of intlaencesj through otber uerves, to muscubi* organs, by 
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-wliich these organs undergo movfinients on a defioito pkn^ and oftpul 
of a very complex kind. Wiien no consclouaness attenda tbe ira- 
preasiou, eo that the afiectioD of the nervous centre thereby produi^d 1 
fails to possess tbe character of a seosatioo, the effect is what gave] 
rifiQ to the idea of reflex actions, not aecompaDicd hj fietisatiotij?, j 
having their origin in the spinal marrow^ in wbieh phiinly resides J 
tbe power of determining certain complex muscular acts, on heinf j 
affected by impresaiona conveyed through certain ineaus. But all I 
Buch muscular acts as originate in impressions mnde on the eKtremi-i 
ties of nervous filumcnta, independently of volition, whether accom- j 
pEinied by cjonsciousness of the impressioo^ or unaccDiupamed bj] 
such consciousness, are conveniently termed reflex iicta. j 

This view of the nervous system in higher ^nimals^ for which wfl 1 
are chiefly indebtt^d to Dr. SlarshalJ Hall, though it does not es* 
plain ^ serves very much to illustrate the nature of instinct, Ac- ( 
cording to the expression of a distinguished physiologist, Proehaska, j 
** Peculiar laws are writ ten , as it were by naturcj on the medullary | 
pulp;^^ and such and such impressionsj conveyed by nerves to tbe 
nervous centre, whatever it may be, in the aoimal, call forth par- 
ticular acts, in obedience to such originEiIly written laws. 

In short, the various acts of instinct in birds and insects, accord- 
ing to this view, present no greater difficulty, or, at the most, one 
not very much greater, than the numerous refles: acts subservient to 
tbe well-being of the body, varied as these constuntly are in man j 
and aniraalsj under successive changes of circumstances. Such acts, 
and instinctive acts, fall under the same great law of the nervoui 
matter — a law unquestionably originally iaiprosseil upon it by the 
iiat of the Creator. " As, then/' says Br. Bush nan (^Phihsophi/ of 
Meoson a nil IttR(inrf)j '^certain organic nets are the direct effect of j 
BenaatioD, so it will be found that instinctive acts, properly so calW^I 
can be traced to the same cause, and are, like them, dependent | 
either on external or internal stimuli/* The great sources of in- ( 
stinctive acts in the lower animals, are the scqscb of smell and taste; 
by which, particalarly the former-^ they are led to select food which , 
is salutary, with a certainty which far exceeds the boasted knowledgo < 
of man. There is scarcely a plaut which is not refused by some^ 
while it is eagerly sought after by others^ and as many of these ' 
plants are highly poisonous to man, we must here draw the striking I 
conclusion^ that when the instinct of an animal leads it to eat of a 
plant poisonous to otherSj the law which so directs it, through the 
UD conscious nervous centre, must embrace the fact that the poisonous | 
chemical principle of that plant is destroyed by the peculiar diges- 
tive power of that animaL 

Finally, among the sources of sensation on which instinctive ^cta ' 
are dependent^ are various qualities of the atmosphere at diffbrenl \ 
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aeasofiB, the periodical returns of appetites, and partieularly of the 
sexual dcHire, the senstj of uDgratified want, the coiisciousDegB of 
muscular actioQ, aad^ in higher auimals^ the presence of all kinds 
of e mat ion, 

Thoug'ht — When spoken of in connection with tlie functions of 
relation, Thought has an extensive signification. It is then con- 
tmsfed merely with sensation ; bo timt sensation nnd thought are 
often employed to include all mental phenomena. Such a use of the 
term though tj is, however, merely for the sake of temporary con- 
venience; since emotionSj passions, desires, and appetites — all of 
which are statea of cfmsciouaneas, distinct from sensations, can with 
no propriety be deliberately regarded as thoughts. If, however, 
from the whole Fuccession of a man's states of consciousness we 
subtract his sensations, his emotions, his passionSj bis desires, and 
his appetites, then those states of consciousness which remain, will 
be such as are most iippropr lately termed thoughts. Thus, then, an 
act of memory is a thought ; an act of conception is a thought ; an 
act of abstraction is a thought; an act of imagination is a thought j 
an act of judgment is a thought; — and to think is specially to 
determine, with some definite purpoec, successions of these several 
kinds of acts. 

When a person thinks over a subject, he puts it in all possible 
lights, endeavouring to find out each new relation in which it 
stands ;^ — that is, making use of what he has observed as to the 
modes in which one thing suggests another, he makes those th logs 
which rise Bpontancouely in his mind, the means of bringing up 
other things which were less obviously connected with his first 
thoughts. 

Thinking, then, is a succession of acts, only in part voluntary. 
A man cannot call up any thought at plcasnxe unless within very 
narrow limits* But when be has once got posi^eesion of a thought, 
by dwelling on itj and considering its several connections, he may bo 
secure that it shall arise whenever certain other thoughts shall have 
first occurred to his mind. When a man thinks correctly on any 
Buiiject, it is very much the same as to say he exercises reason on 
that subject* For, to think correctly^ he must exert a certain control 
over his thoughts, rejecting those which are vain, frivolous, and not 
pertinent to the subject, and detaining those in tho contrary predi- 
cament. Still the mere expression to think has no coustjint refer- 
ence to the exercise of reason ; since one may be said to think in the 
larger sense when the thoughts suggested to the mind by some 
subject rise freely, w bet ber they be to the purpose or not. Thus it 
is (juite correct to say, that a man thinks iucorrectly; and in so 
thinking he may have exercised actuaily as much voluntary control 
aver his thoughts, as in any profound and just meditation. But to 
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Bay til at a man exercised his reasr>n iDCf^rrectly, iQvi>l^es a contradict 
tioD, Tbns^ to tliiak and to eserciae the reason, are not one and the 
saine thiug. The reason, iut3ee<J, cunnnt ba esercifiad without think- 
ing; but inucb thought maj pass through the mind with very titde < 
exercise of reason. 

What 19 commonly called a train of thought presents thia term in 
its widest Bignification. We say currently a train of thauirbt is de- 
pen dent on tbe association of uieas. Uut, when a train of thougbt i 
IB reviewed^- for example, such a train us constitutes a reverie — -it h i 
found to coneist not merely of the states of consciousness comtnoaly 
called thoughts^ or of those expressed by the term ideas, but of 
states of eon^eionsness of every known kind^-sensations, memorieSi 
abstractions, conceptions, imaginations, judgments, pity, rcmoree, 
anger, jeulouej, ambition, desire. And each of the statea entering I 
into such a. train is linked or associated with the states adjacent to- 1 
it in the succession } so that what i^ usually calkd the association of | 
ideas, is really the order in which the succession of every kind of ' 
consciousness happens at any one time to he determined. 

Every man has bis trains of mental phenomena, to a certain ex- ] 
tent, nuder his own power, and tbis is tbe foundation of all seif-j 
education, or rather the foundation of all moral and intellectual edu-l 
cation. It is quite possible that a child may be so reared as to be I 
incapable of conforming the conduct of after life to the standard off 
morals required by the laws of bis country. This person is exacllf I 
in the condition of him who labours under moral insanity. Had th@] 
dispositions, in childhood, of such a person been restrained by judi- 
cious management, then the passions, desires, and appetites would j 
have been reduced within those bounds which reason requires, f 
"When the natural disposition is such that, under the best direction, I 
a child grows up totally incapable of subjecting his moral nature to] 
the control of reason, then that person is morally insane from birtb. [ 

The intellectual nature is perhaps less under tbe control of ma-^ 
nagement than the moral nature. Nevertheless, education is capable J 
of greatly extending the range of thougbt.^ and, within somewhat I 
narrow limits, of giving to it greater justness and exactness tbaQf 
naturally belongs to the individual. 

The benefits of training, whether by the education imparted froml 
without, or by tbe efforts of tbe individual himself towards selM 
iraprovementj are manifestly dependent on the changes accomplisheclT 
on the natural succession of the states of consciousness, or, iai 
comuiou language, on the natural succession of thoughts. And it it J 
manifest that the more any one has indulged in incorrect thinkingyl 
or in licentious wishes, before the corrective of training is appliedjj 
the more difficult it must be to bring back tbe current of his intel-« 
lectual and moraL nature to that which reason directs. Corn 
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thinking, intellectually and m orally ^ is the only foundatioa of just 
judgment and blameless coaddct : — 



- ** For since t)ic courso 



Of tliinga Bxtornnl acta in different witya 

On human fippreliension, as the hand 

Of nature tempers to a different frame 

Pecaliar minds ; so, liaply, where the powers 

Of Fancy neither lessen nor enlarge 

The images of things, lint pivitit m all 

Their gc Qui tie hues the features which they irore 

In nature — there opinion wUL be truc^ 

And action right." — Akensidb. 

The next and last function we Unve to consider is tbait of speech, 
or the sounds ^hich are produced in the lirjnx or vocal apparama 
at the moment when the air traveraes this orgaOj either to enter or 
to pass out of the trachen, or windpipe ) and we shall disticguish 
speech in man from the cries, song, and buzzing of iDferior animals, 

Voiee» — Without the possession of voice how different would have 
been the history of man's progress on the earth 1 We cun hardly 
conceive any other effectual kind of speech except that to which voice 
is subservient. Without articulate sounds mtin could hardly have 
risen to the rank (^f an intelligent thiuking agent. By means of 
expression and gesture he might have coniiuuuicated to his fellow- 
men no small share of his present desires, his present feeUngSj and 
even his present rude ideas; but under sueh eireumstances how little 
of the past— 'how litde of the future — would have entered into his 
incntai csigtenee I 

Speech, then, may be justly regarded as one of the principal 
foundations of man's greatoess upon the earth j and thus voice, 
speech, the cries of animals, the song of birds, and the buzzing of 
insects, present, in a physiological point of view, a succession of 
themes of the most engrossing interest. 

In physiology voice is distinguished from speech j though without 
voice there is no perfect speech. This point deserves a word of 
explanation. When a person can speak only in a whisper, he is said 
to have lost his voice; that is, he has lost the power of utterance 
with that loud, thrilling, vibratory sound which constitutes perfect 
voice. But if whispering were man's only natural mode of speechj 
then we should not be entitled to say that man had no voice^ but 
only that his voice was a soft, hissiug^ non-vibratory sound. 

Voice, then, whether it be Sbft and hissing, or loud and vibratoryy 
is formed in the hifuK. Speech is £he voice modulated in its pas- 
soge through the mouth and nose by the agency of particular organs^ 
Bucb aa the tongue, the palate, the tr.eth, the lips. It is conven- 
tion ally ODl_y, and for the sake of coavenience, that physiologists 
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speak of a wUisper as beiiig speech without voice, tbat is, -witbom 
vibratory voice ^ and of tb(ise who speEik only in a whfsperj as bavitig , 
loiit tkbir vol CO J in contriidistiDction to tbose unfyrtun:itos who suffer] 
uudcr a loss of fepi^eeb, which projicrly cotistitut4^8 dumbness. 

Dumbaess originares exclusivel}'' from original defect of heariDg^l 
thus indicating tbe Intimate coiitjex:ion between tbo gift of articn-l 
lation iind the perfection of that sense, Again^ tbe capability of j 
the dumb (deaf-iuutcfci, as with something akiQ to an affectation of 
precision tbey are now often called) to acquire the use of speech Jj 
rude as it commonly is, ehews how largely tbe organs eoncertied an 
placed under the control of the will 

Tlie Sources of Soimd.— The organg of tbe voice and of speecll 
are analogous to instruniRnts of muKiCj bo that some preliminar 
observations on the sources of sound become requisite. 

In every case eound is deriTcd from tbe Tibration of a body, 
is, however, erroneous to describe sound as mcrel}'' a vibration of thij 
air* Most sounds, it is true, reach the ear through the vibratxoa of 
the air, whether they have had their source in tlie air^ or in soma 
body with which it is in contact. It is usually Mid, that a bell ha 
little or DO sound ia a vacuum. Tbis is in so far true; for urdess J 
isommunicatiou is made between the ear and the bell independeotlj 
[uf the aitj little or no sound would be heard* But if a cord 

Diue similar body ha stretched between the boll and the car^ ati 
I jMirticularly if the external cavity of tbe ear be previously stoppeJ 
I with some substance^ such as chewed p::per, which the cord is mud 
J to touch, the sound of the bell will be distinctly heard. In such I 
l,<sase no part of the communieatioD of the vibrarions of the bell 
1 inade through the air — tbe membrane of ihe tympanum or drum < 
f the ear receives the vibrations and transmits them through the chatlj 
I of little bones to the labyrinth or most interior part of the eaj' 
wbere^ by means of undulations excited in the fluid in contact witf 
I the subdivisions of tbe auditory nerve, the requisite impression 
I pade. 

Many other iustanees may be cited of sounds produced by th 
I vibratiojaa of solid bodies being conveyed to the ear without tbe 
I iatervention of the atmosphere* For example ; vrhetj a toning-forlt™ 
' is made to vibrate and placed between the teeth, the sound is coa^B 
veyed from the teeth, through the bones of tbe face and the heojf* 
to the auditory uerve. Also when a solid-vibrating body is sus- 
I pended by a cord which is brought into contact with the teeth, iha 
sound is heard independently of the atmosphere. Again, when a 
I Bounding body is suspended between two cords reaching to the cars, 
the influence of the air is excluded. When a cord is extended I'rom 
1^ sounding bcdy to some part of the headj parfic^ul^^rly to mch paris 
iM^ arc sj^riugly covered with s^ok substance, the sound in hcaiti 
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without tbe VLwmstAnee of the atmoapliere. When a watch touches 
the teeth, partlcalarly of the upper jaw, its tickiog is distmct!j heiird 
on the same principle* When the watch is applied to the tongue, 
the sound is much fainter. We find it stated that the vibrations of 
a metaJiio spoon were heard at the distance of three hundred yards 
by meana of a cord extended to the ear. We are told that the 
sound of distant cavalry h heard much better when the ear is 
appUed to the ground than when the li&tener stands erect. In cases 
of thia kindj where the sound ia conveyed along the surface of the 
ground, it is to be understood that the sounds are produced in the 
ground itself, or in the solid bodies communicating directly with the 
ground. 

Vibrations arc also communicated from water to the ear without 
the assistance of the atmospliere. For example ; in bathingj when 
the head is plunged under water, distant sounds produced in the 
water are heard distinctly. WheUj howevcrj sounds proceed from 
water into air, the effeet produced on the air is faint, 

Tbe sounds which reach the ear through the atmosphere may 
origin ate in vibrations of the air itsell^ or may have been communi- 
cated to it hy the vibrations of liquid or of solid bodies. And this^ 
doubt lesSj is the common case. N ever the lessj it is pkluj from what 
has been above stated, that to desciibe sound as a vibration of the 
air is to view it in too limited a sense. 

To produce sound the vibrations must be of a certain strength; 
for it is plain that a body often eontinues to vibrate after it baa 
ceased to emit sound. Sounds pass through air with less rapidity 
than through water, and through water with less rapidity than 
through solid bodies. For example j the sound of a hammer struck 
at the top of a high house is heard double by a person standing on 
the ground below ; that is to say, the first sound which reaches his 
ear is conveyed through the solid materials of the house, while the 
second sound is transmitted through the air to his ear. It is ob- 
Bervedj also, that on the approach of a heavy wagon in the street 
the furniture of a house begins to shake before the noise of the 
wagon is heard. 

The velocity of sound in air ia estimated at 1 130 feet per second — 
in water at 4708 feet io the same unit of time. The velocity of 
sound conveyed through solid bodies appears to vary much according 
to the texture of the substauce. From some experimentSj it appears 
to pass through deals of fir- wood at tbe rate of 17,400 feet per 
second, w hich is upwards of three miles. 

When a sound is produced in an open spaccj it is more short and 

sharp than when in a room; because, when a sound occurs in a 

room, the vibrations of tbe air which strike against the walls and 

furniture excite new vibrations in these bodies, which, being again 

15 
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communicated tcj the air, affect the ear in close snecession with ihi 
original vibratiooSj and so prolong the sound. This effect is tcrmcil 
the reverberation of sound. WLeri there are no bodiea near 
hand to reverberate the sound, but a body or bodies at a distaooi 
capable of that effect, an echo is produced. Thus an echo may ' 
described as a reverberated souadj which does not reach the earuntifj 
the primary sound has ceased. An echo may take place from 
wall, a rock, a grove of trees j and, as it is said, even from a clondH 
and alsOj as it VFOuId [scenij from condensed iur. If an echo mir 
take place from a cloud, it is au exam pie of an echo produced hj 
the vibrations of water in its liquid state. The body from which i 
distinct echo takes place must be at a considerable distancCj and 
there must be no interposed bodies copable of keeping up the sa<5J 
cession of vibrations. In f^XGry^ large and lofty empty room iben 
is a species of imperfect echo, owing to the want of furniture U 
keep up the successions of reverberations between tbe tcrmmatioii 
of the primary sound and the reverberations from the walls anq 
roof. The ccbo of a mono^jllable requires a less distance ibao the 
echo of a dissyllable; it is estimated that the distance required fol 
a monosyllable ia 80 feet, that for a dissyllable 170 feet. 

A musical sound is to be distinguished from a noise* A nois 
consists cither of a single powerful concussion or report, or else of 
an iiregular repetition of such sounds. A musical sound consisM 
of a number of synchronous vibrations ; that is^ of vibrations occu 
pying the same minute period of time. The vibrations in a musicfi 
sound arc not all of the same extent; but wiiethcr great or sraaOjl 
each occupies the same period of time — in short, they arc like th? 
vibrations of a pendulum, which^ whether great or small , are peis 
formed in the same space of time, when the pendulum is of a definiW 
length. 

Sonorous undulations may be described as of two florts— namely 
curved and molecular. We have an example of curved undulation 

when a string, /r/^, fasten© 
at both eudsj a h^ so as to b 
tightj is drawn to one side aj 
its middle point. By this i 
traction the striagj which wa 
before straight, is now bca| 
into a curve J a /' tV ff 
When let go it not ooly reco 
vers its former position, but passes to the other tiide, assuming thi 
same curved form, rt/" f^''^' h^ into which it was at fii*st drawui 
and thus it continues to vibrate from side to side, alternately formin| 
a curve, with a gradual diminution of extent on each side of iti 
original positlun. So long as these vibrations are of considerabh 
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atretigtb, a sound is emitteti^ but, as before observed, ibe sound 
ceases before BUch a striDg returns entirely to reat. To produce uu 
impression on tbe car, but a moderate velocity in tbe vibrations is 
necessary. It appears thtit a sound may remain audible witb a ve- 
locity of no more tban yjjjtb part of an incb in a Becoud : per bops 
it may be heard oven with a much smaller velocity than tbis. Ne- 
vertheless, in such a case it is probable ibat the initial velocity must 
be considerably greater tban tbat here described. 

Wbat is termed molecular unduktion is exemplified in tbe alter- 
nate coudenBation and rarefaction of air, Wbca we blow into a 



I 
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tube open at both cuds, tbe air contained first becomes condensed in 
tbe middle, and rare^ed at the two extremities^ as seen by tbe 
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lighter shade in the cut; but after a while the case is reversed, the 
rarefaction being in the niiddlej tbe condensation at the extremities* 

What is terme<i dififereuce of tone depends upon the number of 
vibrations in a given perit>d of time, Witen the nurnl>er of vibra- 
tions is siuall, a grave sound ia produced j when the vibrations are 
numerous in the same timcj an acute sound is beard. Their tbitk- 
ness beiug erjual, a long sit ring produces fewer vibrations than a short 
string in a given time. Thus, by lengthening a string, the tone of 
a rausicJil sound produced by its vibration passes from the acute to 
the grave. When tbe quality of a sound is spoken of, it has no 
reference to the number of vibratioDa in a given time, quality being 
dependent on the molecular cfinstitution of the sounding body. 
Friim what hjis been already said| it must be seen that the mere 
extent cf vibration^ does not affect the tone. It appears, however, 
that loudness of sound is dependent chiefly on the extent of the 
vibration a, 

MuMcal sounds, then, are produced either by tbe vibrations of 
stilid b(»dieS| of liquid bodies, or of aeriform bodies, or by a combi' 
iiauou of thf! vibrations of two or more of these. 

There are even musical iustiuments^ or musical oom hi nations pro* 
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duccd by solid bodicBj independently of any musical tension. Foi 

' cjcamplcj melody miiy be extracted from cylinders of gla^s, or 

F metal J struck eitber directly ot by means of keys — tbe tnuiug-fork 

[the goog, the eynibnl, the bell, are examples of tbe game kina 

1 1' he harmonica consists of a Ecrica of glass vessels made to yicM 

J musical sounds by the friction of tbe fingers. But the most in 

^portant case of this kind, as bearing on the explanation of the ph« 

nomena of the voice, is the vibration of an elastic plate produced bjj 

a current of air which it continually omits and excludes. Stick : 

Opiate is employed in those forms of tbe organ-pipe vrhicL have bea? 

; termed the vox humana pipe^ and regal pipe. The ylbrations o 

water are hardly employed to produce musical sounds; nevertheless 

I the purling rill and the distant cataract plainly fall wltbin the 

ioription of musical sounds. 

In simple wind-instniinents of music, wq have examples of m4 

* Bical sounds produced by molecular undulations of air : in tbe flut< 

^ tbe flageolet, the diapason organ -pipe, the buraming-top, tbe cavitj 

of tbe mouth in ^^tjlstlicgi and playing on the JewVharp, tb 

molecular undulations of the air are tbe sources of the musical 

\ sounds. In the flute and flageolet the length of the tube is altered 

at pleasure by opening or shutting the holes. When a hole 

opened it is the same thing as if the pipe were cut off a little bey on 

the place of the hole. 

In many musical instruments tbe vibrations of solid bodies 
operate with the undulation of tbe air to produce the musical sound 
This is the case in the trumpet and in the various kinds of hon 
In these instruments, the force of tbe inflation produces what aej 
termed harmonic divisions. The trombone is so contrived that tb 
length of the tube may be altered at pleasure. In what arc termo 
tbe reed pi pea of an organ, there is an clastic plate which vibrat* 
in unison with tbe column of air which they contain. The vibra 
tions of animal membranes, when put ou the stretch, as a source i 
musical sounds, are usually considered separately, both from tb 
' sounds produced by solid bodies and tliose produced by the moll 
cular undulation of air. There are examples of this effect of thoi 
membranes in the use of such instruments as the drum and tail 
bourine. These inatruments are chiefly prized for their loudnesi 
Under the same head, boweTer, falls the membranous tongue j which" 
bears closely on the illustration of the human voice. What is here 
f referred to is not, indeed, a musical instrument, but a contrivano 
^employed to exhibit the effects of sound under circumstances aui 
logons to those of the human larynx. The most remarkable eip 
riment of this kind is made by placing two thin plates of Ind 
rubber over the end of a tube^ so as to lca\ e a very slender fisisii 
between their margins in tbe middle linCj and fixing these by a lig 
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turc* Two pieced of lotither employed in tke samo Fig. 84. 

OJuniiGr produce a Einiila-r result. Wbeu two sueh 

tongues or meinbranes are placed over the orifice of an 

organ-tube, and the current of air made to me tij rough 

it, vibrEitory motion h maiutaioed by ibis curreot^ nod 

a considerable range of niu&ical sounds is produced. 

The two tongues or membranes in this experiment 

shonld be in the same pi ace ^ and the space between 

them should be very minute : the edges of the tongue 

should not be farther apart than from J^tb to J^tb of 

an inch. The experiment succeeds even better .wben the edgea 1 

actually touch. To this experiment reference will be made here- 1 

after J when we come to speak of what occurs in the human larynx J 

during the exercise of voice. , 

Org^ans of Voice aad Speecli in Man. — The organs concerned' 
in voice and speech may be described as the chest and lunga, the 
windpipe, the Urynx:, the posterior cavity of the moui^j tbe nostrils, 
which communicate with that posterior cavity, the prote, the tongue, 
the teeth, and the lips, Tbe sounds which constitute voice belong i 
to the order of musical sounds, independently altogether of tbe sing- 
ing voice. All that is properly termed voice takes place in the 
laryor^ which is properly tbe instrument of voioe. But even inde- 
pendently of the modilieations by wbich voice is changed into articu- 
late speech J the voice is variously affected by the other parts wbich 
have been enumerated : by the chest, us regulating tbe force of the 
air ; bj the windpipe, as iuaceptible of several degrees of length and 
tension ; by tbe posterior cavity of the mouthy as ottenug an ex- 
panded vault; by the nostril, as affording a double passage of exit 
for tbe breath j and by tbe various conditions of tbe tongue, the 
palate^ the teeth, the lipsj according to the position in which they 
happen to be at the moment. i 

The chest and lungs together conatitutej in reference to the voiee, 
a musical bellows, capable of supplying air with more or less force 
tr> the organs of voice Tbe poeuliarity of these bellows consisits in tbe 
fact that the air must be renewed, at short intervalH, by entering from 
without by the fame pa.ssage by which it is expelled when tbe voico 
is exercised, It can, however, supply air without interruption, in a i 
eon tinned stream^ for about title en second;;. The lung consists of 
two large bags of air, and doesj not materially differ from the wind- 
box of an organ, or rather from the bag of a bagpipe. No air can 
enter the lung, or escape from it, except through the windpipe. The 
walls of the chest are everywhere in contact with the outer surface ( 
of the lung, and elose in around Uic point at which the windpipe , 
rises upwards to the larynx* The cbu«t it) capable of expansion ia ( 
every direction ; that is to s^ay, by means of muscular action its waUs 
15* 
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recede from the surface of the lutrg, so tliat the cjivifj ia whicli i 
air-bag is coniainedj is aagiuented \n every direction ^ — m length, id 
breadth, in depth. Whenever this eiilargemeDt commeiaeea the aic 
hegiES to enter from without. By tbia process, in two or three 
seconds, muny cubic inches of air cau be drawn into the lungs, 
nice 18 the action of the m ancles, by which the chest ia again 
tracted ia size, and the lung ja cora pressed, that the stream of j 
which shall issue in a given period throngh the larjuxj by the in 
fiuence of the will, is under the most complete control. The promi- 
nence of the larynx on the fore part of the neck is popularly kno^ 
by the name of A dam* a apple, by which , probably, its remarlfabl/J 
greater prominence in the male than in the female is referred to.f 
The long BUecessiDU of minute tubes^ by the gradual union of whickl 
the other trunksj and finally the wiodpipCj are formed^ has this pe^l 
culiarity-j that the aggregate of the areaa of the smaller tubes greatl/l 
eiccods the area of the trunks which they combine to form. Fron 
the windpipe ^roughoutj almost to their origin in the minute eell^ 
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the tubes are provided with tense walls^ by means of the cartila 
ginoua appendages before referred to ; in the windpipe itself thesd 
carUlages assuming a more definife form. They are in complet&l 
rings of eartilage, being deficient posteriorlyj that isj euch ring Df T 
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the windpipe traverses about two-thinla of its circuimfcrcTicc, leavbg 
tbti remamiog one-third, on its post-urior as^pectj destitute of this sup- 
|Kjrt. The Bnrober of rings in the windpipe is from fifteen to 
twenty I in other respects the tube is chiefly membranous, yet pro- 
vided with muscular fibres C4ipab3o of diminishing ifs calibre, by 
drawing together the extremities of the rings. It haa been proved, 
by auffieient experimenta, that when the larynx is raised by the 
powerful musclos attached to it, the windpipe m drawn up from the 
ehest in a corresponding estent, and that at the same time its diame* 
ter is diminiahe^i by about one-third. 

The ba^e, or lowest part of the larynx, resta on the upper part of 
the windpipe, and this base consists of a ring, somewhat more de- 
veloped than any of the rings of the windpipe, yet not so different 
from these but that it might be regarded as the summit of that tube. 
This ring differs from the rings of the windpipe in being complete 
all round J it is not, however, of a uniform breadth in the direction 
from below upwards, being broader at the posterior part. It may 
be likened, then, to a ring, with a stone or a seal, the expansion 
behind corresponding to the stone or seal. On the upper edge of 
the expanded portion of this ring, at the base of the larynsj are set 
two slender bodies of a pyramidal form, wbicb bear the most im- 
portant part in the meelianism of the larynx as an organ of voice. 
These two bodies are exactly alike, and are placed almost cIoko toge- 
ther, like two miniature obelisks set on end. The connection of 
their inferior extremities with the basement ring of the larynx, is 
by articulation^ viz., by a true joint, like the shoulder-joint^ that is 
to sayj they are moTable on the cartilaginous ring which supports 
them. From the one to the other, on their posterior aspect, muscu- 
lar fibres extend, by the contraction of whieb these two minute pyra- 
mids are made to approximate together. From the fore part of eaehj 
near their bases, an elastic substance proceeds forwards, converging, 
to iuteriaee with its fellow at the anterior part of the larynx; that 
la to say, a minute somewhat triangular space is formed by two por- 
tions of elastic tissue, which cross the basement ring of the larynx 
from behind forwards^, the base of this triangle being the space be- 
tween the two pyramidal bodies just spoken of and its apex behind, 
a portion of the larynx to he presently alluded to. This triangubr 
spaee between these two portions of tissue, vocal ligaments, as they 
are ealled, is the aperture by which the breath enters and issues in 
respiration, and bj which, when contracted to a narrow chink, the 
air is forced through in the exercise of voice. These, then, are the 
moBt essential parts of the larynx ; the two pyramidal bodies each 
resting on the posterior pftrt of tbe basement ring, while the two 
ligaments proceed forwards, each from the base of one of these 
pynjmids, to f^jrin a triangle, the apex of which is so directed as to 
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be over (he HDterior part of tljc aperture of that basement ring. It 
IS luatjifcst that wheu these two miiiutc pyramidfi ere drawn close 
together by the nctiou of the iiiu5<iuliir fibres, the baae of the trian- 
gular opening is diiDi Dished j 50 that the posterior or wider part of 
the opening beeomea obliterated ; alsQ, if the apex of this triangle 
be drawn forwards, that the sides formed by the two vocal ligaments 
will etill further approximate. Suehj tlieiij are the two actions by 
which the triangular aperture ia reduced to a minute chink, namely, 
hj the points to which its baae is attached being made to approxi- 
mate, and ita apox being drawn forwiirds. 

Other muscular fibres are bo di&posed as to antagonise the forces 
which close the aperture j two sets of fibres on each side extend from 
the basement ring inwards, to he attached to the pyramidal c&rti' 
luges, by which thej are drawu asunder, and the base of their rec- 
tangular aperture again restored to its former extent. 

Several importantj yet less essential parta of the larynx, remaiti 
to be described. The anterior narrow part of the basement ring 
supports that great prominence which constitutes Adam's apple. 
This is by fat the largest portion of the larynx, btit may be regarded 
merely as a defensive plate guarding the essential parts of the organ 
from injury. When the finger is placed upon its upper margin, and 
directed a little upwards, a bard, wire-like circle is felt j this is tbe 
convexity of the hyoid bone, or bone of the tongue, which has inti- 
mate conuectioDS, by ligaments and muscular fibres, with many adja- 
cent parta, bo that it is rendered, ns it were, a centre of motion. 
Hence, when tbe liyoid hone is raised, many of the adjacent parta 
follow its niovetuenls. The hyoid bone is described as having the 
shape of the Greek upsiion, the convexity being directed forwards, 
and to be felt immediately above the great cartilage of tbe laryus. 
This great cartilage, then, termed the thyroid cartilage, may be 
described as a ciuadri lateral sheet of cartilage, with appendages at 
i ts f ur an glcs, n amed i ts corn u a, or b orn s , Th is q u adri I ate ra 1 sb eet 
is bent along its perpendicular middle line, and this bending consti- 
tutes the angle which is felt in Adam's apple; the upper horns are 
attached to the hyoid bone, the under horns to the basement ring 
before spoken of. Thus the thyroid cartilage is wrapped round the, 
essential parts of the larynx, in front covering them in, leaving 
tbem exposed behind. The prominent angle in front corresponds ta, 
an interior angle on its posterior aspect; and to tbe middle part of"' 
this interior angle extends the apex of the triangle formed by the 
vocal ligaments, and there obtains an attachment. 

A movable valve, like a little tongue, its apex directed backwardsi 
IS attached to the same interior angle of the protecting cartilage, % 
little higher up, overhanging the cavity of the larynx. Between, 
the same interior angle of tbe anterior protecting cartilage, and thd. 
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two movable posterior cartilages before describedj muscular fibres 
proceed, by the con tract ion of which those 
tri an gul ar mo va bl e carti liigea a re dra w n fo r* 
wards J so as to relax the elastic cords^ already j 
termed vocal li^ineots. From the same inte- 
rior angle of the protecting cartilage, an 
elastic substauco proceeds, radiatiug in difFcrenfc 
directions, so as to close in the parts otherwisa 
unoccnpied above the lateral portions of the 
basement ring of the larjnx. This elastic sub- 
stance, in particular, foj^ms two cords, extending 
between the superior points of the movubie tri- 
angular cartilages and the sides of the tougue- 
like valve before spoken ot These cords con- 
stitute what have been termed^ somewhat im- 
properljTj the superior vocal ligsiuicnfs. When 
the sptice beneath these so-called superior vocal 
ligaments aud the true vocal eordsj or vocal 
ligamentSj is examined, a cavity is found on «,the crtcolfi; A, tie th:f. 
each side of considerable extent ; and the two *° ' "^ e ep g d 
cavities are called the ventricles of the larynx. The mucous mem- 
b rune J descending from the mouth and nostrilsj covers and forms a 
lining to these parts in its passage downwards ioto the windpipe and 
lungs J so that the so-called superior ligaments of the larynx are 
often described as mere folds of the mucous m em bran e, extending 
between the posterior pyramidal cartilages and the protecting carti- 
lage. It appears, however^ from more minute investigatiou, that 
these folds of the mucous membrane do actually contain an elastic 
BubstancOj not less capable, under certain circumstances, of vibratory 
action thao the true vocal cords, or true vocal ligaments. 

To recapitulate, tbeo, the prominent points in the confurraation 
of the larynx™the windpipe, called by anatomists the trachea, is 
surmounted by a complete cartilaginous ring, about an inch in diame- 
ter. This ring is the only outlet of the lungs by which air can issue 
from their numerous^ta^itiesj and is the only inlet by which air can 
penetrate from the atmosphere into the same cavities. This ring^ 
being of a firm cartilaginous structure, is plainly incapable, under 
any ordinary circumstancesj of dilatation and contraction. But the 
air is permitted neither to pass inw:irdsj nor to come forth through 
the whole area of this cartilaginous ring, whether in respiration or 
in the exercise of voice. Its area is closed up on each side by im- 
pel vions texture, bo as to permit a passage to the air only by a 
chink, variable in its size, extending in the direction of its; antero- 
posterior diameter. This chink in bounded, according to the com- 
TBQO descriptions, by tbe vocal iigamcnts. It is more accurate to say 



that til is ebink ia bounded m it^ interior part by tbo Yoeal liga- 
mcntSj nne on ent.*lj sides Jind at its posterior part by fhe cavtibginoua . 
processefi of tbe base of the tDOvable pyramidal cartilages to which.) 
tbese cords are conueetyd. Thh chink, when most expanded j 
length way a, is about eleven lines m length, and of thia epace seven I 
lines lie between the vocal ligaments, and four between the oppoaite I 
cartiI»gino\ia basua of the pyramidal cartilageSj above spoken of, ttt I 
which anatomists give the name of arytenoid. This chink, as abov& 
stated J is usually described iis triangular, with its base between the! 
two arytenoid cartilages, and its apex attached to the anterior angla I 
of the protecting cartilage, abovfi spoken of, to which anatomists I 
give the name of thyroid. More correctlyj at its greatest d il a ta fifing , 
it hag a lozenge ahapej with the posterior angle truncated. Thus 
the chink commences narrow immediately behind the thyroid curti- 
lage, expands between the Yocal ligaments to their attachment at I 
the base of the arytenoid curtilages, and then contracts in the space 
between the cartilaginous bases of these two bodies, not to a point, ' 
but to a truneat<?d angle. The widest part of the ebink, in ita | 
greatest state of dilatation , is about five lines and a half — nearly half 
an inch. This greatest degree nf dictation takes place during iaspi-l 
ration ; during expiration, the chink undergoes a ,slight contraction. I 
But during the exercise of voice, the posterior part, bounded by 
cartilaginous margins, as being between the base of the arytenoid 
cartilages, is entirely obliterated. Thus it is correctly stated, thab 
the chink, concerned in the exercise of voice between the true vocal 
ligaments, at irs greatest dilatfitlon, is of a triangular shape, being , 
entirely bounded on the sides by the voeal ligaments, and its base I 
corresponding to the pninTs between their attachment to the aryte- 1 
no id cartibges. As before stated, the arytenoid cartilages are } 
attached to ihe upper surface of the posterior part of the b^sotuent I 
cartilage of the larynx, or cricoid cartilage; and the vocal ligamcntJ I 
being attaebed to the bases of these arytenoid eartilageSj it is mam* 
fest, that when these cartilages are drawu together, the voeal 
cords must approximate^ that when they are drawn asunder, the 
vocal cords must recede from each other at their posterior part) 
that when the arytenoid cartilugea are drawn backwards, the vocal 
cords must be put on the stretch j that when the thyroid cartilage^ i 
to the interior of which the apex of the triangle, formed with tha I 
cords, is attached, is drawn forwards, they must aL=io be put on the 
stretch- All these changes are known to ooeur by the action of 
partienlar sets of muscles. The thyroid cartilage, which forms I 
" Adam's apple,** is eonnectcd to the basement, or cricoid eartilage, ] 
by an eliistic membrane, whicli of itself tends to keep the thyroid | 
cartilage nearly in the i^iime perpendicular line with the cricoid, sol 
as, in some degree, to stretch the vocal ligament. But there are tweij 
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muficleB extcndiDg between tbe cricoid cartilage and the thyroid, hj 
w^hich the thjroid carlilage Js dm wo forwardsj so as distinctly to 
stretch tlie yocal ligunieDtja. There are also two muscles extending 
between the posterior part of the cricoid cartilage and the posterior 
Rurface <'*f the arytenoid, by which the arytenoid cartilages are drown 
back. These two pairs of muscles, when they act caLCurreDtly, 
must very much stretch the vocal ligaments. A set of wiusicular 
fibres, before spoken of, passing between the arytenoid cartiljiges on 
their posterior us^peet, by their contraction causes the cortilagea to 
approximate. Two other muscleSj extending from the sidcsi of the 
cricoid curtilage to the arytenoid, draw them asunder- Some other 
muscular fibres are found connecting the cartilages of the bryns; 
but the account of these, owing to their Jess importance, may be 
omitted. 

The small muscles of the larynx are represented in tlie an- 
nes:ed figures. The crico-thyroidci (7>, fig. 88, g, fig. 80)^ aud 
the crico-arytenoidei postiti (6, fig. 89), extend the vocal cords in 
the direction of their Jength, and, at the same time, narrow tbe 
glottis. The crieo-arytenoidei lateraleb (c, %. 89), and tbe thyro- 
ary tenoidei (tlj fig, 89), rather relax the vocal cords. The oblique 
and transverse fibres of the ary tenoideus (e and //;, fig. 89) close 
the posterior half of the glottis. The epiglottis (AT, fig, 89) forms 
A valve, which can be brought over the glottis by fine muscular 
fibres attached at 6 and t (fig- 89), 

Fio, 88, Fjg. 89. 




Bnchj then J are tlie parts of tbe larynx whicli must ba explained 
to render the phenomena of voice intelligible. 

The larynx J like other organs of the body, is largely supplied 
with blood by the common blood-vessel a. Two nerves on each side 
are devoied to the QCtiooa of the larynx. The?c nerves are from 
the eighth cerebral pair: the euperior laryngcpl nerve is expended^ 
chiefij on the mucous lining of the krynx j the inferior laryngeal 
nerve, derived from the recurrent of the eiglith pair, sends minute A 
filaments to the several muscles concerned in the movementa of the ^ 
larynx. 

Besides the movements of the component cartilages of the larynx 
on each other, attention musfc be paid to the motion of the whole 
laryns: upwards and downwards. This motion takes place constantly 
in the act of deglutition, but also on many occasions when the voice 
ia exerciscdj particularly in sieging. When the whole larynx ii 
raised, the windpipe is drawn proportioDately upwards from the 
chesty and 80 put on the stretch. This movement has un question- , 
ably some effect in extending the compass of the voice. It was 
before stated that the hyoid bone is connected to the protecting car- 
tilage of the larynxj and that when this hone is drawn upwards, the 
larynx is drawn upwards along with it. The hyoid bone is drawn 
upwards by muscles attached in particular to the lower jaw, and also 
to the temporal bone of the skulL The hyoid bono is drawn down- 
wards by muscles attached to the superior part of the breast-bone 
and to the shoulder-blade. From the upper part of the breast-bone 
a pair of muscles ascend s, to be attached to the thyroid cartilage of 
the brynx, and a pair of muscles alao extends between the thyroid 
cartilage and the hyoid bone* Thus ample provision is made for 
the movement of the whole larynx in concert with the movements 
of the hyoid bone. 

A few words must nest be devoted to the cavities through which the 
air passes outwards after issuing from the larynx. Behind the 
larynx is the cavity of the pharynx, situated in front of the cervical 
vertebrae, and ascending to the inferior aspect of the base of the , 
skull. This cavity, not improperly termed the posterior cavity of 
the mouth, communicates with the nostril abo^e, and on either side, 
by a narrow canal, called the ** Eustachian tube,''' with the cavity of 
the drum of the ear. This posterior cavity of the mouth is divided 
from the anterior cavity by the veil of the palate, a musculo-mem- 
branous movable curtain, which by its motions more or less com- 
pletely divides the anterior from the posterior cavity of the mouth. 
The movable, tongue-like valve, before epoken ofj termed by anato- 
mists the epiglottis, overhangs the orifice of the larynx^ the arches 
of tho palate descend on either side, possessed of a muscular clia- 
racter- From the union of theso above the uvula hangs down. The 
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tODgue, free and movable in its anterior part, forms the floor of the 
whole passage between the root of the epiglottis and the incisor 
teeth of the lower jaw. The muscular mass forming the cheeks 
contracts the cavity of the mouth on the sides, and the lips by their 
mobility variously modify the aperture by which the air issues. 

Thus the air issuing from the larynx may pas^s out either by the 
nO-strils or the mouth. It passes out by the nostrils when the morith 
is closed, or even when the veil of the palate descends. 'When the 
veil of the palate is raised, and the mouth is opened^ a free passage 
is afforded, through what has been called the oral canal; outwards. 
The oral canal is manifestly capable of much greater modification 
B» to size, than the passage of the nostrils. 

" The tongue, the lips, articulate ; the throat, 
With soft yibration, modulates the note." — Dabwin. 

On the Human Voice. — In the investigation of the human voice, 
two points in particular deserve attention — first, the inquiry into the 
precise seat of the sounds; and secondly, into the mode in which 
these sounds are produced. 

As to the first question, it is now determined, beyond all doubt, 
that the sound of the voice is generated in the glottis, and neither 
above nor below that point. Before going further, it should be 
remarked that this word glottis has not always been used in exactly 
the same sense. " By turns," says the eminent French physiolo- 
gist, Adelon, " the superior aperture of the larynx, its inferior aper- 
ture, and the intermediate space between these two apertures, has 
borne the name of glottis ; but, according to the etymology of the 
word, derived from yXco^a, the tongue, the speech, no o|her part of 
the larynx should be called by that name but that where the vocal 
sound is formed — and we shall see that that part is the inferior aper- 
ture or chink." — Phi/siologie de U Homme, ii. 256. In this sense 
alone, then, the word glottis is here employed, namely, to signify 
the aperture between the two vocal ligaments, that is, between the 
two inferior vocal cords, as they are sometimes called. 

Among the proofs that this chink, or glottis, is the seat of voice, 
it may be mentioned, that if an aperture exist in the windpipe, the 
sound of the voice ceases. Such an aperture is frequently formed 
in man as a surgical operation, and an opening has often been made 
in the same situation in animals for the purpose of experiment. 
Also, when an opening exists above the glottis, that the voice is not 
lost. Again, that though the epiglottis, the superior vocal ligaments 
of the larynx, and the upper part of the arytenoid cartilages, be 
injured, th^e voice is not lost : moreover, that in living animals, when 
the glottis is laid bare, it is seen that the inferior ligaments of the 
larynx which form the boundaries of the fissure termed glottis^ are 
16 
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tbrowu into vibration ; it is knowo^ too, tliat the diyision of th 

laryngeal nerves supplying the inugdea, which regulate the states of 
the aperture^ and inaku the vocal conla tense, destroys the power J 
of producing vocal sounds. It ia al&o found that sounds cau be pro- 
duced iu the dead human body by forckig a current of air from the ^ 
windpipe through the laryax, provided the vocal cords be in some 
degree tense and the glottis be narrow* The larynx hag been cut 
from the bmly^ and freed from fill the parts in front of the glottis } . 
thus, the epiglottisj tho upper vocal ligamenta, and the ventriclea of 
the larynx between the superior and inferior, or vocal ligamentSj the « 
greater part of the arytenoid cartilages, namely, their upper part, 
may be removed — in short, if nothing remain but the inferior liga^ 
incnts or vocal cords, and these be so approximated that the glotiia 
shall be narrow, clear tones will be produced by forcing air through 
it from the windpipe. 

Such facts as these entitle us to regard the glottis and the vocal 
cord^, which form ita immediate boundaries, as the essential source ^ 
of voice, while the windpipe simply conveys air, and the cavities 
above the glottiSj comprehending the npper part of the larynx and 
the air passages through the month and noairila, correspond to the 
tube of a muaieal instrument, by which the sound ia modified, but 
not generated. 

It has been already remarked that the vocal ligaments are com- 
posed of elastic tissue, and that it is owing to this elasticity rbat 
they arc adapted to the office which they perform. While, then, it 
is quite certain that no proper voc;d sounds can be produced, except 
in the glottis, it secws manifest that the adjacent somewhat abun- 
dant tissue of the same kind is snsceptible of a vibration and reso- 
nance in unison, so as at least to modify the sounds of the voice. 

In reference to the second question — what is the nature of the • 
change produced in the glottis during tho formation of voice — no 
inconsiderable difficulty is met with. The points of debate which 
have arisen on this subject are, whether the vocal ligaments be a set 
of membranous cords obeying tho laws of musical strings ; if the 
aperture of the glottis be a reeded instrument, in which the vocal 
ligaments play the part of vibrating tongues; or even whether the' 
real source of the sounds of the voice be not a molecular vibration 
of the air, produced by its passage through the narrow aperture of 
the glottis ; and, lastly^ whether the organ of the voic^ does not in 
part combine all these three sources of soundj so as to be at once, 
in some respects, a stringed instrument, a tongued instrument, and 
a simple wind instrument. 

The ancients regarded the sounds of the voice as analogous to i 
those of a fiutc. According to this view, the vibrations uf the • 
larynx are of little accountj the actual sounds being produced by ) 
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moleculur undulation of the air. That the orgSD of voice is not, m 
some degrtrOj analogous to this kind of musjciil instrument, is not 
to be ab:3alutely denied, but it is certain that tkia is not the pria- 
cipul mode in which thi* sounds are produced. 

One of tiie earliest ideas of modern times on the subject of the 
YoicD is, thsit the larynx is armiogous to a horn ; that is to say, to a 
wind instrumentj in which the vocal cords aot the same part as the 
lips of tho performer on a horn> Not mncb more than a hundred 
years ago arose the idea that the larynx is a set of muaical cords — 
namely, that the Tibrations of these cords, on the same prineiple aa 
a stringed instrument^ produce the sound, which is then conveyed 
outwards by the air. 

The prevailing opinion of the present day if, that the larynx is a 
wind instrument, hat a reeded wind instrument. 

This CO mm on view niiiy be ex pressed as follows : — the expired air 
is thrown into the luryns through the windpipe by the museukr 
nation of the chest; the proper muscles of the larynx being con- 
tracted , create a sufficient tension of the voeal conis to permit them 
to be thrown into ribratif>u by the impulse of the liir. The sound 
no produced is conveyed through the mouth and nasal passages, un- 
dergoing various modifications in its passage outwards. 

Let us con.sider then, in the firat place, what evidence there is 
that the organ of the voice is 
a reeded Instrnment, with a 
double membranous tongue. 

In shortj the action of the 
organ of voice mny be best ex- 
plained in general terms, by 
comparing it with the pipe of 
an organ. Let us suppose Fig. 
90 to he the wind-tubcj into 
which the air is driven from 
below ; h^ the stopfwir, in which /±^^ 
18 placed the tongue; a and ^ 
the body- tube ; and let there 
be a pipe, o (Fig. 91)^ to the 
wind-box, c Cf and the air be 
driven from the bellows^ //jj, 
through t. The air throws 
the tongue, a (Fig. 90), into 
a state of vibration, and passes 
out in undalating movements 
from the boiJy-tube. Such is 
a general view of the nature of voice. 

An experiment has been before referred to, Trhich illustrates tha 
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effect of an elastic organic ti8sue, like that of the vocal ligaments, 
ill producing sound on the principle of a double tongue. The ex- 
tremity of a tube is closed by two bands of moist elastic tissue, for 
example, arterial tissue, so applied as to cover the whole end of the 
tube, with the exception of a slight fissure between the bands. In 
the experiments before referred to. India-rubber, or leather, was 
mentioned as being employed for this purpose. Both these sub- 
stances produce a similar effect, but it appears that the middle arte- 
rial coat, being composed of the same tissue as the vocal ligaments, 
and having the same physical properties, forms the best kind of ar- 
tificial larynx. When this tube is blown through at the free ex- 
tremity, the tongues not only vibrate readily, but produce a range 
of musical tones. To obtain a pure quality of tone, it is neces- 
sary that the two membranous bands should be of equal weight and 
breadth, and subject to equal tension, otherwise they cannot vibrate 
equally in equal parts of time. 

If the human larynx be dissected out, and the vocal cords be 
stretched, they will vibrate like a piece of artificial tissue, such as 
Indhi-Fubber or leather, in a current of air. In conducting these 
experiments, the same conditions must be secured as are required in 
the experiment with the tube, and the two membranous laminae, 
before referred to. For example, the inner edges of the glottis, 
that is to say, of the vocal ligai^ients, must be turned outwards to- 
wards each other, so that they shall be in the same plane and parallel 
to each other, otherwise they will not produce any sound. Henoe 
it may be inferred, that when the tension of the vocal ligaments 
takes place in the living animal, they turn upon their axis, till their 
planes which, in the state of relaxation, are inclined to the axis of 
the vocal tube, become perpendicular to it, and as the edges of the 
glottis approximate, its chink is nearly or entirely closed, and they 
acquire the true vibrating position. The production of tbe most 
simple tones of the voice requires the associated action of a most 
extensive range of organs ; for it is calculated that in the ordinary 
modulation of the voice, more than one hundred muscles are brought 
into action at the same time. 

As the air rushes up from the windpipe, a portion of each edge 
of the glottis yields to its pressure, and is curved upwards, so as to 
form u9 angle with the axis of the vocal tube, and leave between 
the two edges a narrow aperture, through which the air escapes. 
The tension and clastK;ity of the vocal ligiiuients tend to restore 
them to the plane of their former position. The air -having been 
rarefied below the glottis during their elevation, becomes dense from 
their depression, and the necessary force being again uccumulated, 
they are re-elevated, and thus an oscillating movement, xjonsisting of 
an opening and closing of the glottis, takes place, which being com- 
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muntcated to the coiitiguaua iiir^ the sounds of the voice are 
produced. 

The vibr,itiEg edge of the glotiis varies in length according to the 
pressure tif the eolumn of air in the wind pipe, and the reBistance of 
tlic Tocal ligatnents* When other cir cum stances are alike, the in^ 
ten sit J of the voice m determined by the pressure of the column of 
air in the windpipe, and the ran^Q of movement described by the 
vibrating edges of the glottis. The pirch of the voice docs not 
depend solely on the tension of the vocal HgnmentSj but jointly on 
the varititiuns. which they undergo in length and tension. Magcndie 
observed J in the larynx of a dog, that a Irjngcr portion of the vocal 
ligaments vihfEited wliile grave tonea were produced, and that a di- 
Jiiinution of length accompanied the 
Buccession of acute tones. Majo 
has described the movements of 
the glottis in a man who had at- 
tempted to destroy liimsclf by cut- 
ting his throat. The larynx in this j'V >, *:3kfil!l'l 
euse was cut through just ahove the 
vocal cords, and, owing to the ob- 
lique direction of the wound, an in- 
jury of the arytenoid cartilage and 
of the rocul cord on one side had 
occurred. When respiration waa 
going on, the glottis was seen to be 
of a triungular form, but when tht^ 
voice was extrted, the vecal cords 
passed into a parallel direct ion j and 
the glottis itself bad a linear form. 
The posterior part of the aperture 
appeared to remain unclosed. 

The cut represents the prepared 
head of a corpse, after Mijller. A 
thread r, which passes over a roller 
to a scale, is so applied to the larynx 
that the tension of the vocal cords 
can be increased by placing a greater weight on the scale. The 
actiiia of the muscles is thereby imitated. The com prest^ing appa- 
ratus aeon on the woodmen t brings the vo^^al cords nearer to each 
other, and thug produces the requisite diminution in the width of 
the vocal fissure. The tube / serves to convey the wind, which 
throws the tongue-apparatus into action. And thu^, if wo use the 
bujnao head, or the head of the dog, or of the pig, or of any other 
animal, we can imitate the voice of man^ the bark of the dog, the 
grunt of tlie pig, &c. 
IG* 
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Membranous tongues, like those in the larynx, differ widely from 
a metal tongue, shutting up the aperture, and necessarily opening 
and closing as the air issues. 

Objections have been taken to the view which represents the voice 
as the result of sounds produced by membranous tongues set in 
motion by air, 1st, That the vibration of tongues consists in the 
periodical opening and shutting of the t)rificc through which the 
stream of air passes, this not being the case in the glottis; 2nd, 
That had it the structure of a reed, the edges of the vocal ligaments 
which open the chink would be alternately separated by the column 
of air in the larynx, and drawn together by their tension, while it 
has been found by experiment that air transmitted through the 
glottis gives rise to sound, notwithstanding that its edges are from 
one-sixth to one-fourth of an inch asunder. In these objections, 
however, there is a mistake as to the essential principle of reeds— ^ 
for those of the clarionet, bassoon, hautboy, &c., fail. to close entirely 
the passages through which the breath escapes ; and the case is not 
otherwise with the natural reed, which the lips of players on the 
flute and horn represent. In short, a sound can be produced by a 
tongue apart from the surrounding framework, indicating, beyond 
doubt, that so much importance should not be ascribed to the usual 
mode of forming reeded and tongued instruments, and to the eir- 
cumstance of the air passing betMcen the tongue and its frame. It 
has been shown that the law by which the Variation in the "notes 
yielded by the tongue of a mouthpiece or reed is regulated, is the 
same when the tongue is made to vibrate by a current of air, as when 
it is thrown into vibrations by being etruck or inflected. By the 
same law are regulated the vibrations of vibrating rods; the fre- 
quency of the vibrations of two rods of the same texture and thick- 
ness being in the inverse ratio of the squares of their length. The 
note affcffded by a reed without a tube is of the same pitch, whether 
it be the result of a current of air, or be produced by striking the 
tongue. The strength of the blast does not, for the most part, de- 
termine the pitch or sharpness of the note ; but when the force of 
the blowing is increased, theistrength of the tones is augmented. 
The size of the fissure between the tongue and the frame within 
which it vibrates, is of little consequence; when the opening is large 
there is a greater difficulty in obtaining the tone, but its pitch is not 
altered. 

Some slight difficulties may still exist in the explanation of. the 
theory of the voice as considered to be chiefly the result of a double 
vibrating tongue ; but, altogether, as close a resemblance has been 
proved to exist between that kind of artificial musical arrangement 
and the structure of the living larynx, as can reasonably be expected 
in such a case. 
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"It was already hinted that the vocal ligaments raay possibly act 
not only as vibrating tongyes in the pr« duction of voice, but also on 
the principle of musical strings. On this point a few words must 
be added. It may seem at jGrst sight that the remark of so distin- 
guished a philosopher as Biot, when he says, "What is there in the 
larynx that resembles a vibmting string? Where is the space for 
such a string of sufficient length to yield the lower notes of the 
voice? How could sounds, of the compass which tbe human voice 
represents, be produced by a string which the larynx would con- 
tain V* Would suffice altogether to set aside tbe idea of the vocal 
cords acting as musical strings. But Biot here seems to have fallen 
into error. Deep notes are still produced by a string greatly short- 
ened, if it retain, after a sufficient amonnt of relaxation, the elas- 
ticity required for vibration. His attention doca not seem to have 
been drawn sufficiently to the nature of organic membranes, strips 
of India rubber and elastic animal membranes still retaining enough 
of elasticity for this purpose, after being much relaxed. There is, 
then. fore, a perfect agreement between the vocal cords and vibrating 
Btiings, though their vibrations, whether as strings or as tongues, are 
produced not by the direct impulse of a solid body, but by the mo- 
mentum of air. When the ordinary principles to which musical 
strings are subject are applied to the vocal ligamonts, there is found 
to be a very close agreement, if allowance is made for the peculiari- 
ties of elastic animal substances as respects elasticity and the like. 

In their ordinary state, the vocal cords must be regarded as sub- 
ject to a considerable tension, which, however, admits of being di- 
minished, so as to add to the range of the lower notes. At the 
ordinary pitch of the voice, the glottis may be regarded as partially 
closed, and becoming more open as graver tones are produced ; this 
opening of the glottis coinciding with the relaxation of the vocal cords, 
a double cause is affi)rded of the lowering of tone. When higher 
notes are uttered the glottis closes, assuming more of a linear form, 
while, at the same time, the vocal ligaments, though elongated, are 
thrown into a much higher state of tension. In the words, then, of 
Mr. Bishop, "since the vocal ligaments have been proved to extend 
and contract for acute and grave sounds respectively, and after death 
vibrate in a great measure like musical strings, we think it may be 
fairly inferred that they likewise obey, to a certain extent, during 
life, the laws of the vibrations of such strings." * * ♦ * « i^ 
is moreover observable, that the extension and relaxation of the 
vocal. cofd, which, as we have seen, are analogous to those of a musi- 
cal strfng, produce a corresponding shortening and elongation of its 
as^is, regarded as a tongue ; and, lastly, since one tone only is pro- 
duced at a time, the vibrations resulting from the double action 
which ap{ears to exiht in the vocal apparatus must be synchronous.'* 
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* * * * *^It might possibly bo objected to the idea of this 
tvvn-fold act ion J that the production of sound by the vocal cords is 
EuiStriently accounted for by supposing them to Tjbrate merely m 
clastic tongues J but then it 13 found by es]c«niiient^ that by artifi- 
cially dividing their length into two Tent ml segments, there re&alta 
the octave of the fundamental note, T^hich proves that at all erenta 
tbey vibiate aa cords* In eoncluBiooj we most bear in mind ibo 
vast difference between natural and artificial mechunijimj and how- | 
ever complicated a problem it may be to doterniiuc that conatifcutiou 
of the vocal apparatus, by which tho thyro-arytenoid ligatneats may 
fiimultaneonaly obey the laws of eorda and tongueSj jet to a physio- ] 
legist who is accustomed to meet with the most admirable contri- I 
vauces and combinations in the animal frame, the difficulty of find- 
ing a strictly inathematieal solution isj in such a case^ no objeetiou , 
to its truth| when the facts, as fjir as they have been observed, are 1 
decidedly favourable to its reality. " — V^dopstcUa of Fh^siolotj^^ 
art trie Voice^ p. 148 L 

It was before hinted atj that the vibrations of the walls of tb© 1 
tubes through which the voice is conducted niay^ in some dcgreejin- ' 
fluence its sound. In rigid tubes, the vibrations depend on the I 
nature of the impulse propagated in the air within, jointly with the 
length of the pipe. So long, thcn^ a^ tlie length of the pipe re- 
mains the same, and no change takes place 00 the material of its 
waJlSj the pitch of the sound produced by the unduktions of the air 
within, remains unafleeted. Tho dimensions of the windpipe, such 1 
as its length and diameter, are invariable ; andj were the height of 
the larynx J and the dimensions of the bifid tube (the nose and j 
mouth) through which the air is sue a after the formation of voice, 
equally invariable, the vibratious of these parts would produce no J 
change On the pitch of the voice, the quantities being constant fori 
each tone produced in the glottis. It has been found that, by taking] 
tubes composed of layers of paper, of toustaot length, but varied in 
thieknees, graver sounds were produced as the parieties became 
thinner, and that the gravity of the sound was increitaed by moisteu- 
iug and relaxing the sides of the tubes. It was before noticed, that 
the windpipe is c^'ipable of being drawn upwards from the chest to a 
Bin all extent, while the larynx is elevated, and that this tube admits 
of being diminished in its diameter by about one-third part. More- 
over, the pharynx, the mouth, and the nasal cavities are also suscep- 
tible of various modifications of diameter, so that the pipe, so to 
speak, near the middle of which the vocal sound is produced, is in a 
very difllirent condition from a rigid tube. Hence, it has been con- 
cluded tliat provision is made for an invariable adaptation between 
the auiouut of tension, the vibrating length of the vocal ligamentSji 
and the Widls of the vocal tube, for the production of the ordinarji 
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: tones of the voice. It appears, indeed, to have been proved that 
. the vocal tube is so short, that were it rigid, it could not influence 
the pitch of the note which the glottis originates. But its want of 
length is compensated for by the relaxation of its walls, so that it 
comes to vibrate synchronously, and so to give forth sounds equally 
grave with those of the glottis. Its effect, therefore, is to add to 
the force of the tone, which, without its aid, would have been found 
to possess less intensity. 

After considering this subject in every possible light, the oonoln- 
^on appears to be that to which Mr. Bishop has come, namely, that 
the evidence shows *' the vocal apparatus to be influenced by the air 
expelled from the chest, in precisely the same way as if it were a 
stretched cord, a reed, or a vibrating tube. Why, then," be con- 
tinues, " should we he:^itate to adopt the obvious conclusion that the 
vocal organs do, in fact, combine the properties of these various 
instrument?, and are thus the perfect types of which these instm- 
mcnts are only imperfect imitations?" 

Singing. — The notes of the human voice are capable of being 
produced in three separate kinds of sequence. In ordinary speak- 
ing, the successive notes have nearly all the same pitch. This kind 
of succession, then, is properly termed the monotonous. Some de- 
viation from this monotony occasionally arises, as when certain syl- 
lables receive a higher intonation for the sake of accent, and when, 
in reading or reciting poetry, rhythm is added to the accent. In 
these cases, however, the deviation from monotony of pitch is too 
slight to require a separate head. In the expression of passion, ac- 
companied by vehement exercise of the voice, there is heard a sudden 
transition from high to low notes, or the reverse. This, then, con- 
stitutes the second kind of sequence in the notes of the human 
voice. Musical notes constitute the third mode of sequence. In 
music the sound has the requisite number of vibrations, and as the 
sounds succeed each other they exhibit that relative proportion in 
the number of vibrations which jointly characterize the notes of the 
musical scale. Of the adaptation of one sound to succeed another, 
80 as to preserve the musical character of the succession, the human 
ear is the only original standard. 

Compass of the Voice. — In singers the compass of the voice ex- 
tends through two or three octaves. When the male and female 
voices are taken together, the entire scale of the human voice in- 
cludes four octaves. The lowest note of the female voice is about 
an octave higher than the lowest of the male voice ; the highest of 
the female voice is about an octave higher than the highest of the 
male. The first four notes of all voices are most commonly weak. 
There are two kinds of male voice, the bass and tenor ; and two 
kinds of female voice, the contralto, and soprano. The essential 
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distinction between those voices does not consist in their differenoa 
of pitch. The bass voice commonly reaches lower than the tenor, 
and its strength lies in the low notes ; while the tenor voice extends 
higher than the bass. The contralto voice has most commonlj 
lower notes than the soprano, and is strongest in the lower notes of 
the female voice; while the soprano voice reaches higher in the 
scale. It is found, however, that bass singers can sometimes go verj 
high, and the contralto not uofrequcntly sings the high notes li)» 
soprano singers. The difference between the bass and tenor voice, 
and between the contralto and soprano, is plainly, then, not one of 
pitch, but consists in the peculiar timbre or quality of the notes— 
for these several voices are distinguished from each other-even when 
sounding the same note. The qualities of the baritone and mezzo- 
soprano voices are less marked ; the baritone being intermediate be- 
tween the bass and tenor, the mezzo-soprano between the alto and 
soprano. 
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The difference of pitch between the male and female voice is con- 
nected with the different length of the vocal ligaments in the two 
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sexes. It appears that the lengths of the male and female vocal 
cords in repose are nearly as 7 to 5, and in tension as 3 to 2 ; in 
bo;y^S at the age of fourteen the length is to that of females, after 
puberty, as 6-25 to 7,^ — m that the pitch of the voioe is nearly the 
aanie. The difference in the quality of the female voicej aa com- 
pared with that of the male, IB owing to the eonsiderahle difference^* 
presGoted by the two sexes in the walla of the larynx^ the male 
larynx being much more expanded, and forming a much more acute 
angle in front. It is not yet clearly understood what is the cau^so 
of the different quaUties of voice, as exhibited in the teoor and bass, 
and the contralto and soprano. As Miiller remarks : ** We nmy 
form an idea of the cauao of these diflFcrencea of timbre, from re- 
collecting that musical iDStrnmeota made of different materials^ as 
metallic and gut-strings, metallic, wooden, aod membranous tongue.^, 
metallicj wooden, and paper pipes, or flutes, may be tuned to the 
same note, but that each will give it with a peculiar quality or 
timbre," 

In short, when the variations of the larynx in different indivi- 
dual of both sexes J and at different ages, under the various cir- 
cumstances more or less favourable to the development of the respi- 
ratory organs, are considered, as well as the reuiarkable fact that 
every human beiug is characterized by a speaking voiee peculiar to 
himself, we shall be at no loss to uoderstand why the siogiog voice 
should vary in different persons^ not only in pitchy but also in 
quality. 

The voice termed false tt<i has much engaged the attention of phy- 
siologists. Most gingers, particularly males, besides their natural 
voice falling under one or other of the before-mentioned characters^ 
have the power of produciog a double series of notes, of a different 
description* To the. second series of notes the name of falsetto is 
applied. The notes of the natural voice- — called also chest-notes — 
are fuller, and distinctly indicate a stronger vibration and resonance, 
while the ialsctto voice has more of a humming character. It is 
only with the natural voice that the deep notes can be produced, 
while the highest notes of a male voice are falsetto* The notes be- 
longing to a middle pitch may belong either to the natural or the 
falsetto voice. Thus the two registers, as they are termed, of the 
voice are not bounded in such a manner that the one ends where the 
other begins, as, through a certain compass, they run side by side. 
It is remarked that the bass voice becomes falsetto lower in the scale 
than the tenor. In the female voice there is less seldom presented 
very marked distinction between the natural and falsetto registers. 

In a human larynx detached from the body two distinct scries of 
tones can be produced, wht^n the tention of the vocal cords is very 
Blight. One of these series corresponds to the tones of the ordU' 
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nary voice, tbe other to the tones of the falsetto roice. With t 
ccrtaJD degree of tension of tbe vooal cords both these kinds of tones 
may be produced ; sometimes the one kind, sometimes the other, 
being heard. With a different kind of tension of the cords, notes 
of the falsetto character are constantly produced, whether the cur^ 
rent of air passing through the glottis be forcible or feeble. If th« 
Yocal ligaments be much relaxed, the sounds of the ordinary voioB 
always result, whether the current be feeble or forcible. When t 
slight tension of the ligaments is kept up, the falsetto is most easily 
produced by blowing very gently; while if the blowing be more 
energetic, the sound belongs to the ordinary voice. Thus, two dif- 
ferent notes may be produced, under the same degree of tension of 
the ligaments, by a different force in the blowing; and the distance 
of these two notes from each other may be as much as an octave. 
" The real cause,'' sajrs Miiller, '^ of the difference between the fal- 
setto and the notes of the natural voice is, that for the former the 
thin aperture only of the lips of the glottis vibrates, while for the, 
latter the whole breadth of the cords are thrown into strong vibra- 
tions, which traverse a larger sphere." The peculiarities of the 
voice in different individuals must be chiefly dependent on the parti- 
cular form of their air-passages and of the lining membranes, and 
the consequent differences in their mode of resonance. That such 
causes are adequate to produce all tbe varieties of tbe voice in indi- 
viduals, appears from the circumstance that many persons, by alter- 
ing the form of their vocal organs, can imitate the various tones of 
the voices of other individuals. 

The usual quality of the voice is determined by like causes. Thif 
nasal tone appears to be given to tbe voice in two ways ; thus a nasal 
sound is produced, though the external openings of the nostrils be 
closed when the arches of the palate approach each other, and tbe 
larynx ascends higher than in the natural voice. When the nostrils 
are obstructed by mucus a nasal sound is produced ; this obstruction 
having the same effect as the voluntary closure of the anterior open- 
ing of the nostrils. In the second mode by which the nasal sound 
is produced, the nostrils are open, the larynx ascends considerably, 
the arches of the palate contract, the upper surface of the tongue 
ascends towards the palate, so that the air passes between the nar- 
rowed arches of the palate, and receives the resonance of the nasal 
cavities without that of the cavity of the mouth. Tbe deficiency of 
tone in the voice of old people arises from the ossification of the 
cartilages of the larynx, and the altered state of the vocal cords. 
It is unsteady, owing to the loss of nervous command over the 
muscles. 

The strength of the voice depends partly on tbe extent to which 
the vocal cords are capable of vibration^ and partly on the great capa- 



WHISTLIKG. 



19S 



city of the cbeit, atid tbe fitness of tlie Tarioua parts oTer wliich the 
air passes for communicating resonance. The intensity or loudness of 
a given note caonot be rendered greater by tbe mere augmentation 
of tbe force of tbe current tb rough the glottis. Such an increase 
of force in tbe current will raise the pitch both of tbe natural and 
£i1fietto aotes. It is tberefere concluded that tbe rariation in the 
intensitj of a note, without the alteration of ita pitch, must depend 
on some other cause than tbe mere change in the force of tbe cur- 
rent. Such a prOTision plainly lies in tbe power of modifying tbe 
tension of the vocai cords. To render a note more iotensej without 
iDcrcasing its pitcbj tbe vocal cords wiust be relaxed in proportion as 
the force of tbe current of tbo breatb through the glottis has 
increased. When it is desired to render a note fainter^ an opposite 
mode of action must be adopted* 

The failuro of perfccteess iu the notes of tbe human voice may 
arise from many causes* Varititions in tbe temperature of tbe 
atmosphere, and iu its states of humidity, have a powerful influence 
on the pitch of tbe voice. Wbile a cold, moist state of tbe atmos- 
phere prevails in England, the voices of singers become lower by 
two or three notes, while they regain their usual piteh when the air 
becomes dry. Mr, Bishop mentions that when Grasaini came to 
England, owing to tbe ebango of the air from that of Italy, her 
Toicc became one octave lower. After singing for two or three sea- 
sons her natural voice returned, but it bad lost its attractions with tbe 
loss of the low tones which bad gained her so great applause. After 
long singing dissooanee of tbe voice is apt to arise; this is eai^ily 
scooant^ for by tbe i*ljgbt changes prod need on the vocal cords in 
consequence of repeated ten h ion, together with the fatigue of tbe 
muscles concerned, wbieb, as in other cases of muscular contraction, 
at length cease accurately to obey the will, and hence arise unsteady 
movements. 

Whistling,— 'Before leaving tbe subject of the human voice, 
whistling deserves a few words. The sound in whistling does not 
arise from the vibrations of the lips. Several experimenta prove 
that tbe lips are not thrown into vibrations. Tbey maybe touched, 
covered, or may have a disc of cork with a ceotral hole placed 
between tbemj and yet tbo same sounds will be produced. It baa 
been supposed , then, that the air is tbrown into sonorous vibration 
by friction against the borders of the opening. According to Muller, 
tbe cause of the vibration is tbe same friction of tbe air; but the 
vibration produced upon the borders of the opening throws the 
whole column of air in tbe mouth into vibrations, and these by 
a reciprocal influence, determine tbe rapidity of tbe vibrations of tbe 
air at the orifice. The only diffcrencej according to bim, between 
whistling and the sounds of a pipe is, that in whistling tbe whole 
17 



column of air is in t!otistaiit progreasive motion tb rough tLe tiib© 
and orifiL^, while in a pipe tbe air 3D the tube merely Tibrsto, and ] 
does not more aa a cnrrent. 

Speech* — Speech is peculiar to man. Because speech is not pos* 
sesBed by iodividuab deprived of the organa of voice or of bearings 
it is not, therefore, to be concluded that it origin a tea in the tnera I 
posaeseion of these orgjiua. Inferior animals are fully provided with , 
tbe organs both of hearing and of voice, and yet, in all essential 1 
respectSj they are destitute of speech* Speecb, therefore, must be 
considered uoder the light of a potcotiulity of man's iutelligetice, ' 
the condition of the exercise of which is the presence of the orgai^a^ 
of bearing and of voice, Tbat is to savj man is horo susceptible, 
by the development of bis nervons system, of tbe acquisition ef ^ 
speech, provided bis orgnns of beanng and voice are perfect. But] 
if man be bom susceptible of speecb, it may be asked, ivby dnM] 
not tbe deaf-mute invent a language? He does invent a Ianf;:uape, ' 
but it is a language of expression independently of speech j he Mia [ 
to express his inward fticlings by the nse of speech, because tb&] 
defect of bearing prevents him from discovering the sounds wbich f 
his voice ia capable of producing. His languagCj therefore, h con- 
fined to the other modes of expression hy which an intercommuni- I 
cation, however, imperfect, can be carried on between men. Tbe I 
deaf-mute might undoubtedly carry tbe use of the natural signs of f 
eipreasion noucb farther^ were he not overwhelmed and overpowered] 
by tbe multitude of ideas which his fellow-men around him possess,! 
and are continually striving to make him understand. It miiy alsaj 
be asked if, owing to this natural susceptibility of speech, every] 
infant should not invent a language. In so far every infant does I 
invent a language, but as, long before any progress is made in itil 
language, the sounds which it continually hears are caugbt up, it is] 
inipos^^ible to judge to what extent each individual is capable of car*] 
rying such an invention* 

There is no more interesting speculation than to consider the \ 
veral steps by which language must have arisen among nien» It lil 
easy to understand how, in the rudest community of mankind, con-l 
rentional signs must have arisen of every description ; nor is it dif*j 
iicult to perceive tbat tbose sounds of speech which are most easily I 
pToduced would tpiekly form a large sbare of those eonventionillj 
signs. But it forms no part of our present design to investigate thei 
origin of languages ; it is more to the purpose to consider, in a few 
words, how men came to understand tbe several acts coneerned in , 
speech- At a certain period, then, in the progress of mankind, ifi 
appears that languages of no inconsiderable extent had already bceBs 
formed J and yet tbat no attention could have been paid to the indw 
vidua! sounds composing tboee languages. Men ^poke, and in thal( 
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speech employed words without the least reference to letters, and 
perhaps with none even to syllables. The curious inquiry, then, 
which arises is, in the first place, how men were led to reduce speech 
to letters ; that is, to analyse words into their elementary sounds. 

We may suppose that \jfie difficulty of pronouncing certain sounds, 
such as the words of a foreign language, must have been the first 
circumstance which would lead men to reflect on the modes by which 
speech is produced. Man's natural curiosity would not fail to en- 
gage him more largely in this inquiry as soon as the subject was 
suggested. Little progress, however, could be made in this pursuit 
till some method of fixing the sounds by name, and of representing 
them to one's self, or to others, at periods more or less distant from 
their first recognition, was invented. It may be supposed that men 
had already acquired the art of depicting objects of sight, were it 
no more than rude representations made with a rod on the sands left 
by a receding sea. The idea, however, of representing a sound by 
such a symbol is plainly not of the same kind. To think of repre- 
senting a sound by a symbol is manifestly a fresh step in discovery. 
It required, in short, an effort of invention to produce such a stretch 
of thought. But the moment the idea arose all difficulty must have 
vanished. Nothing was easier than to observe the similar simple 
sounds occurring in the compound sounds which constitute speech. 
The mere observation of the form of the mouth, as certain simple 
sounds are uttered, would be sufficient to afford a foundation for this 
kind of knowledge. What the original symbols corresponding to 
our modern alphabets were, is of little moment. The first alpha- 
bets, doubtless, consisted of the representatives of but a small num- 
ber of sounds. It is easy, however, to perceive that as soon as this 
kind of investigation was fairly commenced, it would make rapid 
progress, there being no great difficulty in discovering the collocation 
of the several parts of the mouth concerned in the production of 
most of the simple -sounds. Thus, by an easy analysis, syllable- 
sounds would be reduced to letter-sounds, and each letter would 
quickly come to be marked by a particular symbol. The most re- 
markable effect of this great discovery, simple as it seems to us, 
would unquestionably be the rapid multiplication of sound-symbols 
—that is to say, the vast extension of language. The greatness of 
the discovery hardly strikes us at the first sight. Some idea of the 
character of it is obtained from the fable of words spoken becoming 
frozen at the moment in their fixed forms, and not reaching the ear 
until the return of a more genijil temperature. Letters, in short, 
are the pictures of sounds, by which any sound now pronounced is 
perpetuated, while the picture itself, or a copy of it, shall endure. 

Speech, then, consi.-ts of combinations of sounds produced in the 
larynx, and variously modified in their transition through the oral 



CONVEREION OF VOICE INTO TOWEL SOTIKDS, 



or Tia^al paBSiiges outwaHs. No ki»guag€ CKhausts all the souitda 
Trliidi can bo prcxiuced m the passiQge of the voice outwards iq tUia i 
manner. Languages may be described na composed of those sound* 
whieh are most easily prod need m the p;issjige of the voice from tha 
larynx outwards into the attnosphore. And languages differ freiii j 
each other chiefly hy presenting various predominant groups of such . 
sounds. The chief distinction of the sounds of speech is according j 
as they are transmitted through the oral canal before spoken of, or 
the nosol passage* Another important distinction between sirticulato 
sounds is, that some are only of momentary duratiouj taking place ; 
during a sudden change in the conformation of the mouth, and are 
not capable of prolongation by a continued effujiion of the breath, 
while others can be prolonged all the while that a particukr dispo- 
sition of the mouth and a constant expirution are maintained. 

The same sound produced in the larynx is converted into any one " 
of the vow el- sounds njerely by a modification of the parts of the | 
mouth through which it passes. The parts of the mouth concerned 1 
hnve been termed the ornl canal and the oral opening. The oral j 
cana], it is to be reraemberedj ia the space between tho tongue and \ 
the palate ; the oral opening is the aperture formed by the lips* , 
Some physiologists have described five degrees of size in each of 
thc.Be two parts — that is, five degrees of size in the oral canal, and j 
five degrees of si^e in the oral opening. One sound, then, produced i 
in the larynx is converted into a, €j ij t>, Uj according to the modifi- 
cations in the size of these two parts. Thus when the size of the I 
oral canal is in the third degree, and the slae of the oral opening is 
in the fifth or highest degree, the act of voice is conTcrlod into the i 
sound of the English a in far. When the size of the oral canal is 
in the second degree, and that of the oral opening in the l^iurth de- 1 
grce, the sound of the English a in vame is produced. When the ' 
size of the oral canal is in the first or lowest degree^ and that of the 
oral opening in the third degree, the sound of the English e in thewe 
is produced. When the size of the oral cannl is in the fourth de- ( 
greo, and that of the oral opening in the second degree, the sound 
of the English o is produced* When the size of the oral canai is , 
in the fifth or highest degree, and that of the oral opening in the 
first or lowest degree, the sound of u like oo in cool is produced. 
Of the general truth of this statement any person may satisfy him- 
self by remarking, when he utters the broad a, bow much he opens , 
his month, simply breathing forth tho voice with open mouth. 
When, on the contrary, he with the same breath attempts to pro- 
nounce «, he finds the mouth chfse cr^nsiderably, and thrt tongue rise 
towards the roof of the mouth, so as to contract the oral canal. In | 
pronouncing o he will observe how the lips are thrown into the form 
of the letter, the tongue at the same time raised from the bottom 
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of tbo mouth. Tlie form of the vowel oln moat languages poiots 
trt otiQ source of origin of tbose repre&eatatioas of souoda which we 
G»ll alphabets. 

Some cotisonaatSj lite vowels, can be pro nou need with an nniu- 
terra pted sonod, which continues as long aa the expiration can be 
prolotigedy the dispoj^ition of the parts within the mouth remaining 
throughout as at the coconienceinent of the Bound. Of these, the 
asipirate /* is pronounced with the whole oral canal open ; no inter- 
ruption h offered to the passage of the breath j ita sound is the 
simple resiult of the resonance of the walls of the cavity during ex- 
piration. Others of the same class, such as m, ??, and w</, are pro- 
duced by continuous expiration through the nasal canal, the aperture 
of the njouth being closed either by the lip?, or by the tongue being 
pressed against the palate. The mouth is closed by the lips while 
m is pronounced J the sound being produced by the Biraple passage 
of the air through, the nasal cavity. When n is pronounced, the 
mouth is closed by the extremity of the tongue being pressed against 
the fore part of the palate, Mg is regarded as a simple sound in 
the words sin^ and hant^. It is produced also by the passage of 
sound through the nostril, while the posterior parfc of the tongue is 
pressed against the palate. Other consonants, again, of the same 
class, are continuous sounds developed by the valve-like application 
of different parts of the mouth to each other, such as/) a, r, I. 1* 
is pronounced by the application of the lower lip to the teeth. In 
pronouncing *, the teeth are brought into contact with each other, 
while the point of the tongue touches the lower teeth ; in the sound 
of Vf tlie tJingue vibrates against the paUte ; in the sound of i, the 
point of the tongue is applied close to the palate, and the air escapes 
between the tongue and fehe cheeks. The English //* is a moditica- 
tion of s. 

The mute consonants with explosive sounds are next to be spoken 
of. The organs of speech by which these sounds are formed un- 
dergo a sudden change of position during their production. The 
Kounci commences with the closing of the mouth and terminates 
when it opens — that is to say, these consonants cannot be prolonged 
at pleasuro; 6, ^, d^ of which p^ k^ i are modifications, coming 
under this heud. In sounding h^ the lips are brought together wnd 
close the mouth, while they separate again at the motueut the air is 
expii'ed. In soundiog d^ the tongue is applied to the anterior part 
of the palate, or to the upper tecth^ so as to close the mouth, which 
opens with the escape of the brcaiL In sounding (/ — that is, the 
hurd tji as in f^itld — the momentary closure of the passage fchrougb 
the moUih takes place, more posteriorly, by I he applicutioa of the 
hack part of the tongue to the palate. In sounding jli, f, and /*, the 
leqoifiite modifications of i, </, and *j are produced by a stronger aa- 
17* 
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pi ration duriog tLe npcoing of J lie month, wLicH was previoualy 
dosed. All the boudJs hitherto uientloned are ctipablo of being 
pronounced in a whispered speech. The English y and z cannot be' 
Tittered without an accompanying vncal sound. Thus, when an at- 
tempt is made to sound the English ^ in a whiRper, the German ch 
h produced in its stead. All tbo vowels are capable of being pro*J 
duced equally in whispered speech, ond with a yocal tone. Manj [ 
eon sonants alsOj aR^ s, r, I, m, ^jtiffj can be proDOUDced either witk 
mute sounds or with vocal intonations. The continuous consonant 
A can only be prononnced id whimpered voice j and it is quitti impo^ 
sible to combine the sounds of the explosive consonants, h^ dj g^ and 
their inodjfieationa, p, ^ h^ with an intDnntiou of the voice. 

Bepides the ordinary sounds of consonants which enter into the 
formation of languages, other sounds are capable of being produced 
in the mouth and throat. The smacking sounds produced by the 
separation of the teeth from the tongue or palate, are reported by 
travellers to occur in the language of the Hottentots and in those of 
other African tribes. 

The several sounds and tones of language can even Ibe imitated 
by artificial contrivances. When the sound of the voice m made to 
pass into a cylindrical tube, before which the hand is held, and thsn 
wHthdrawB, the sound of h is produced; and if the tube be a pipe 
with a membranous tongue, the sound of v ia produced. Various 
speaking macbinesj by attention to such principlesj have been con- 
structed; the most perfect of these is that contrived by Faber. The 
automaton invented by him haii a singing voice extending over 
twelve notes. The difference in the height of the notes is made by 
varying the width of the glottis without tension of the cords. In 
this respect it h hardly an eiaet model of the human organ a 1 voice. 

The singular faculty possessed by ventriloquists has engaged much 
of the attention of physiologists. Many diiferenl^ views as to tie 
nature of this kind of speech have been at Tarious times brouglit 
forward. 

One of the oldest and most common ideas on this subject is, that 
ventriloquism consists in speech produced during inspiration. It is 
unquestionably poBsibk% though not without difficulty, to articulate 
during inspiration, and the sounds so produced haYe some resem- 
blance to the tones uttered by a ventriloquist. 

A more recent view of the nature of ventriloquism is, that it is a 
mere imitation, produced in the larynx, of the various modifications 
which the voice ordinarily suffers from distance, by the interposition 
of a partition, as if ihe individual were enclosfod in a narrow space, 
— in a trunkj a cask, or the like. This view has been supported 
with much ingenuity by Ma gen die. 

The distinguished German jdiysiologist, MiJlIerj has adopted an 
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idea on tLis suLject wtii^h coin fid e;5 better with tlie originiH name 
uf Uijs artitiee. He sajs that the uotes of yentnlocjiiism are pro- 
duced hy iospiriEg very decplj, so a? to protrude tho abdominal con- 
tents by the deep desecut of the diapbragm, aod the diaphragm 
being retained in this position, bj speaking througb a very narrow 
glultisj expiration is performed very slowlj bj tbc lateral walla of 
the cbcfit ulone. He affirms that the quality wbicb tbo Toice baa in 
speak log through an expiration tbns perform ed, ia that peculiar to 
Ifintriloqnism^ and that; rounds may he thus uttered which resemble 
ke voice of a person calling from a distance. 

A very large share of the artifice practised by the ventriloquist, ' 
particularly in the imitation of voices eoining from particular dircc- , 
lions, Ilea in the dccepiinnof other senses besides the hearing. The 
directions in which souuds reach the ear are never v^ry easily distin- , 
guifihedj and when the attention is drawn to a dififerent point, the 
imagination is very apt to regard the sounds products d as coming 
from that quarter. 

Of the imperfeclioofl of speeeh^ stammenng is that which has 
been chiefly investigated; Mid it lies in a momentary inability to pro- 
nounce a consonant or vowel j or to connect it with the preceding 
sounds. This impediment may occur either in the commencement 
or in the middle of a word. Svhen the impediment arises in the ' 
middle of a wordj the commencement of the word m often several 
times repeated. Hence stammering ia apt to be defined as the suc- 
cessive repetition of one sound. The repeiiiion of the commence- 
ment of the word, however, is not the essential defect which consti- 
tutes stammering j it merely marks repeated attempts to overcom© 
the difficulty. Neither ia it correct to say that the difficulty in stam- ' 
Bering lies chiefly in pronouncing the consonants, for the impedi- 
fteut most frequently oceurs in the case of vowela. The best account 
Iphieh has been given of the nature of stammering is^ that it depends. | 
6n the momentary closure of the glottiSj eo that the passage of the 
air necessary to the pronunciation of the particular sound is arrested. 
In peTsons severely affected with this impediment, there are manifest 
iudieations of the struggle at the glottis^ occasioned by the impedi- 
ment to expiration, in congestion of blood in the bead and in the 
veins of the neck. The rtal cause of stammering, therefore, must 
be described aa an unusual movement in the larynx, associated with 
the articulate movements. In short, stammering is a temporary 
spasmodic affection of the glottis. For the prevention of staurmer- 
fng, the proper plan is to endeavour to bring the a'ssociated move- \ 
meuts of the larynx with the organs of speech more under the com* \ 
mand of the will. To sing words is one method of obtaining this < 
cflect; g^ince in singing more attention is directed to the action of 
the larynx than in ordinary speaking. Moreover^ it is observed that 
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persons who stammer pronounce better in singing than in mere 
speaking. The raibing of the point of the tongue towards the paiade 
has some effect in counteracting this habit, and this elevation of the 
tongue seems to have been the object of the plan practised by the 
ancients, of placing bodies, such as pebbles, under the tongue. Miller 
recommends for the cure of stammering that the patient should prac- 
tice himself in reading sentences in which all the letters which can- 
not be pronounced without a vowel sound — namely, the explosive 
consonants, 6, d, g, p, 1, and k — are omitted, and only those conso- 
nants included which are susceptible of an accompanying intonation 
of the voice. He also directs that all those letters should be very 
much prolonged. He says that by this means a mode of pronun- 
ciation will be attained in which the articulation is constantly com- 
bined with vocalization, and the glottis, consequently, never closed. 

As already mentioned, dumbness is dependent, not on the defect 
of the organs of speech, but on the absence of hearing. By assidu- 
ous efforts deaf-mutes learn the movements of articulation by means 
of their sight. The speech which they acquire is most commonly 
harsh, owing to the want of the sense of hearing to regulate their 
articulation. There was no discovery hailed with greater interest 
than that of teaching the dumb to speak ; and undoubtedly, harsh 
though the sounds be — and yet they are not always disagreeably 
harsh — there can hardly be a greater triumph of human art. It 
will hardly be believed that some innovators on the education of the 
deaf and dumb seek to abolish the practice of teaching them to 
articulate, on the ground that their harsh speech is unfitted for the 
uses of society, and that they can communicate with their fellows 
sufficiently by other means, as by speaking on the fingers and by 
writing. This is a most unwarrantable view of the case of these 
unhappy persons, particularly when they belong, as by far the major 
part of them must do, to the labouring classes of society. We have 
only to consider how many persons one in the condition of a laborour 
must meet with daily who cannot write, or read writing, to be satis- 
fied that this innovation on the education of the deaf and dumb 
should be at once put down in every institution in which it has 
gained a footing. There is every reason to believe, that in propor- 
tion as a knowledge of the mode in which the sounds of the human 
voice in speech are produced becomes better understood, the artifi- 
cial articulation of the deaf and dumb will become less and less 
harsh and disagreeable. 

Comparative Physiology of Voice. — Organs of voice occur 
among inferior animals, in the mammalian tribes, birds, and reptiles. 
In mammals the organs of voice bear a close resemblance to those 
of man. In birds considerable modifications occur on these organs. 
In reptiles the apparatus of voice is of greater simplicity. 
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^ Vaice of Mammals. — Among maniTniils some are miitej and yet 
these are not always dtjiident in those paits of the Jaryii^ whicli are 
mot^t e.^SLDtial to voice, 

AmoBg the orders which compose the cluss mummalia, the ccta- 
ccnns, coasis^ting chiefiy of the whalo tribe, are often descrihed aa 
matJ3. These aiiimalsj howcverj are not mute nltogetherj but poa- 
ee&s only a aingle lowing note, or at the ntnioat they have the power 
of simply bellowing. There are two distiuct eectjons of cetaceans. 
The tirst includes what have been termed the herbivorous cetaceans, 
such as the sea-cow, ih^ represeiitatim of the popular mermtiidj and 
the dugong. The second order includes the common cetaceans, popu- 
larly known as blowen. The act of blowing, from which they 
derive their name, consists in the expulsion of water by the nostrils ; 
that iKj along with their prey they receive a large quantity of water 
mlQ the mouth, and while the mouth * ^_ ^^ 

remains closed they blow out this 
superfluious water by a hole in the 
upper part of the head* 

This expubion of water is pro- 
duced by means of a peculiar arrange- 
ment of the veil of l^he palate. The 
water accumulates in a sac situated 
at the e sternal oritice of the cavity 
of the uo&e, whence, by the com- 
pressiion of powerful mu&cleSj it is 
violently expelled through a narrow 
aperture pierced on the summit of 
the head. By this contrivance these 
animals throw forth those jets of 
water which are seen by mariners at 
a great distance. The larynx has a 
pyramidal form, and penetrates into 
the posterior portion of the na^trils 
to receive air, and conduct it to the 
lungs^ without the animal being 
obllj^ed to raise its head and mouth 
above water for the purpose. As 
there are no projecting kminife in 
the glottis, tiiey can hardly be said 



to have the proper organs of voice, aiKmoif w tosgui. phahtws, it<i> u^t^x 
and ttius tbe noise they make may ^miu qf LfmUoti. 
be described as a simple vehemence '^' py^^""^^^ tK^'itfon "fjnrji'^''; " "'- 
of eitpi ration. ' j *- 



opto* 



The larynsj however, in these animals is highly developed ia 
Qther respects. 
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Among tlie animals commonly described as mute is the giraffe or 
camclopard, termed by naturalists Cameleo-pardalis giraffa. Im 
the giraffe the vocal ligaments appear to be absent. 

The armadillo (^Dast/pvs) is another of the mammalians described 
as mute. The only peculiarity of the larynx which has been ob- 
served is, that the epiglottis, or valve-like cartilage of the larynx, 
is bilobcd. The armadillo, it will be remembered, is remarkable 
among mammals for the scaly, hard, bony shell, composed of pave- 
ment-like compartments, which cover the head, the body, and even 
the tail. These animals belong to the order termed Edentata. They 
live in burrows, which they excavate. To the edentata also belong 
the ant-eaters (Myrmecophaf/ae)j which are regarded as mute. In 
the same order is found the sloth (Bradi/ptis tridactylus). In this 
animal, however, vocal ligaments are found, and the windpipe is 
convoluted. The voice is a plaintive melody, consisting of an ascend- 
ing and descending scale of the hexachord. 

Among the Ilodentia, or gnawers, the common porcupine of Eu- 
rope is mute. In this animal it has been ascertained that there are 
no vocal ligaments. ' 

Such, then, are a few examples of the animals in the class Mam- 
malia, which are mute, or nearly mute. 

In the order Ruminants we find animals possessed of a sonorous 
voice, exemplified particularly in the ox. In the ox the larynx is 
well developed ; there are no superior vocal ligaments, but the infe- 
rior or true vocal ligaments are strong, and nearly an inch in length; 
the windpipe consists of nfty-two cartilaginous rings, that is, nearly 
three times as many as they number in man. -The voice is sonorous, 
intense — pitched in C = 25G vibrations in a second. 

The sheep belongs to the same order of quadrupeds. The larynx 
differs from that of the ox only in dimensions. The voice is gut- 
tural, pitched in F = 341 vibrations in a second. 

To the same order belongs the camel (^Camelus Bactrianus). In 
the camel the larynx is well developed ; the superior vocal ligaments 
are present, and the inferior vocal ligaments are strong. The voice 
is grave, but seldom exercised. 

In the Pachydermata, or thick-skinned animals, there are many 
species possessed of a sonorous voice. Among these are the horse, 
the ass, the hog, the rhinoceros, and the elephant. In the horse 
the larynx is highly developed, and the windpipe has as many carti- 
laginous rings as that of the ox. The superior vocal ligaments are 
not prominent. Above the junction of the proper vocal ligaments, 
between that and the epiglottis, there is an oval cavity, and on the 
posterior surface of the epiglottis there is a groove, furnished at its 
base with a semi-lunar membrane. To this membrane much effect 
has been ascribed in the production of the peculiar neighing of the 
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horse. It Ls doubtful^ howaver, if tbia peculiar sound be so mncb 
dependent on this membrane aa has been believed. 
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tucai GDrdii : c, iiilcriDr-r 
twrdei fj trachea. 



Qi e[tig]ottli9 ; h fi«tn!4uDar membi^Qe; 
f-, Hporture at ba£a of the I'pl^lDttfx; 

^, idrertor vocal corJfe; ^, irachua. 



In the ass the larynjc is also well developed. In the windpipe 
the rings are spiral. The bray of the asa — which see ma greatly to 
depcad upon the presence of two large sacs phictid between tlie vocal 
ligaments and the internal surface of the thyroid — is well known; it 
haa a range of about five tones. 

In the niulo the krj'nx, roeeiuhles that of the asa. The voice is a 
species of bray, uif>re resembling that of the ass than the neighing 
of the horse* The i^^vc {Tojnr Amerkanui^') has some peculiari- 
ties in its larynx. It has, howcvcFj superior vocal ligaments, which 
are short and distinct j and inferior vocal ligaments, which are strong. 
The voice is a species of whistle. 

The htig (^8m $crofa) has also some peculinritiea in its larynx j 
its voice, as is well known, is a gruotion^T discordant sound. 

The rhinclceros is remarkable for having the superior vocal cordi 
very prominent. 



In elephants the krjtix h largely deTeloped. The superior vocal 
ligaments are indistinct j the inferior or proper vocal ligaments an 
BtroDg. Tlie windpipe esbibits thirty ring;?, Vfhich are often par- 
tially subdivided, as in the case of the broat'hial ramifications, Th 
Toiee, aided bj the trunk, is intenaei and of a grave pitch. 

Under the head of Marsupial auimals, we find the kangaroo 
the opossum, 

FiQ, %. FiQ. 97. 

In the I' an gar 00 (Maero- 
pus major) several peculiari- 
ties occur in the larjns. In 
particular^ the vocal cords fire 
membranous, and fold upon 
themselveSj so that thcj can* 
not be stretched by the ary- 
tenoids. The voice when in 
pain consists of a piteous 
A- UTifflAL m:w w lahtbx iin^an. In the opossum fZ??- 
opDrnm-aisflMaavM, Mplus oposanm} the vocal 
B,ttiyix^y iwHilflg<>; 6, cri^ljganyents are very short, 
meet; d, traciieft. bciice the voice IS acute. 1 be 

B. poaxEEioR vaw or tee Opossum purrs like a cat. 

In the order Cariiivora we 
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c, mcoSd; c laTynRo-tni- find examplcs of aoiinfils with 
' ^ intense voice. 

In the lion (^Fdis leo) the larynx is well deve* 
loped; the vocal ligaments, both superior and 
inferior, are present j the superior being promi- 
neut. The ventricles of the krynx are deep, 
forming a sac between the upper and under vocal 

ligaments. The windpipe is possessed of fifty car- ^ ^^ 

tilaginoua rings. The voice is grave, highly in- ^ t^^^;"7et»igMti.j 
tense, the roar tern no. c,(rufi*riorTo™jeQ< 

The tiger (Fdi^ injru) has a larynx resem- ^^^^^^^^ ^^ ^^* 
bliug that of the lion, the superior vocal ligaments being very pn 
niinent. The voice of the tiger ia more acute than that of the lioi 
It purrs like the cat. The leopard and the cat belong to the sarai 
genus, Felw leopardus and F^elis eatus. These two animals, liki 
the rest of the feline tribe, have the superior vocal ligamcDta wel 
developed. It is supposed that by these superior vocal ligamen 
the puiriog sound is produced. The voice of both animals ia 
mewing— they have by night a melancholy cry. 

In the order Quad rum ana j to which the apes and roonieys bclon^l 
the essential form of the orgun of Toice doe^ not vary mnch. ba| 
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peeoHarities occur in the resoundhig walls. Thus in the ourang- 
outang A sac exists between the thyroid cartilage and hyoid bone, 
and in the mandrill, paviun, and macacos, membranous sacs are ob- 
served below the hyoid bono. In the Myceti, or howling apes of 
the New World, the apparatus for the resonance of the voice is 
greatest. In these the hj'oid bone and the thyroid cartilage are ex- 
panded in such a manner as to contain large cavities, which open 
into the ventricles of the larynx, and besides this there appear to be 
sacs common to the larynx and pharynx. Further, the epiglottis in 
these apes has a very large and peculiar form. In the Sapajous 
(Ateles and Cebus) a curved tube is formed by the increased size 
and altered forms of the epiglottis, 
and some, adjacent structures. The 
voice of tiese animals has a whistling 
character. 

In the chimpanzee the true vocal 
Ugatnelits are prominent. The wind- 
pipe has sixteen rings. The voice is 
more acute than in women ; its quali- 
ty inferior, owing probably to the 
sacculated larynx. In the ourang- 
outang the inferior vocal ligaments are 
prominent, but not so long as in the 
families of the human race. The 
ventricles are valvular, so that the 
inflation of the peculiar sacs is under 
the control of the animal. 

In the Gibbons the ventricles are 
deep, and communicate with a sac. 
The voice is acute 3 the cry " bow lateral view op larynx of cinMPA»zFjs. 

_-_ >t aa, sao connected with the lateral vcn- 

^^^' ^ tride: b, hyoid bone, with c, sac pro- 

In the monkeys of the old COnti- truding at its base; d, thyroid; «,trar 

1 .T 11 1 ■ chea; f, cricoid. 

nent there are also laryngeal sacs. *•" 

These sacs modify the quality of the voice, giving to it, even when 
acute, a peculiar hoarseness. In the Simia appella and Simia capu- 
cina, there are some peculiarities in the structure of the channel for 
the passage of air. The voice in quality is like that of a flute ; 
hence these are called whistling apes, and, from the peculiar ex- 
pression of this whistle, which is a plaintive melody, they are 
termed weeping apes. 

Voice of Birds. — The great peculiarity in the . organs of voice 
among birds is the inferior larynx j that is, birds, in addition to the 
larynx corresponding to that possessed by mammals, hare one pecu- 
liar to themselves at the inferior extremity of the windpipe. Even 
tho superior larynx of birds dificrs considerably from the larynx in 





mammalB The &ti|)eTiOT larynx, like that of tnammale, is placed 
just below the hyoid bone. It m pardj cartilaginous and partly 
_ -- os^^eous. In the superior larynx of birdn there are 
cartilages corresponding to the thyroid and the cricoid, 
the two arytenoid J and the epiglottis. The cricoid ia 
much less developed than in m am mala | it forms but 
a STnall portion of a ring, occupying the postcriar 
part of the krynx, and supporting, as in mammals, 
the two arytenoid cartilages. The thyroid cartilage, 
coneetjucntlyj rests on the first ring of the windpipe. 
To the poijlerior margin a of the thyroid cartilage are 
connected two quadrilateral boneSj by which the extent 
of the protection aiTorded by the wings of the thyriod 
cartilage ia much increased, The aryteooid cartilages 
are long, and taper upwards and downwards^ they 
;^ form by their inner mwrgius the chink of the glottis. 

iWi They are generally osdficd j their external niargiDS 

BEcnos or TjiTiaiom are bounded by the thyroid cartilage* The epiglottiji 
LAHTwx OF BUiin. Jfl |jjQjit birdis j^ rudimentoryj and generally is oaseoua. 
The chink of the glottis in birds is triangular, the apex being 
directed upwards. It is bounded In front by the thyroid ca nil age, 
on each side bj the arytenoid cartilages, and behind by the cricoid 
cartilages; hut it has no salient membranous 1 am in 00 ^ such as the 
vocal ligaments in man and mammals are. It is capable of cxpan- 
m6n and contraction under the action of several muscles. The 
inferior larynx isj aa we have seen, peculiar to birds. It varies very 
much in form and structure. This larynx, the vocal instrnmeut of 
birdSj is a tube, at the opening of which is a membranous tongue. 
This tongue is a doubling of the interior lining of the bronchus, its 
free margin being directed upwards; and birds have for the most 
parta smaller or greater number of muscles, capable of sborteaing 
this tongue or of lengthening it in the direction of its height, and 
of rendering it tense or lax in a transverse direction. 

In general the inferior larynx of birds is produced by a roembniDe 
which makes a projection on each side of the inferior orifice of the 
windpipe; this orifice is divided into two apertnresj sometimes by 
an osseous bar passing from before backwards, sometimes merely 
by the angle of union between the two bronchial divii^ions of the 
windpipe The bronchi are not composed, like the windpipe, of 
complete rings, but merely of osseous or cartilaginous segments of 
rings of a greater or smaller number of degrees in extent, each 
having a proper curvature in the state of rest, which curvature may 
vary to a certain amount by the action of voluntary muscles. 

It hence follows, that the portions of the walls of the two bron- 
chial divisions of the windpipe, adjacent to (that is, looking towards) 
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ntber, arc for a greater or sfiiaircr extent membranous, being 
t be rft d est i t u to of an}* osise ( nu or cjj r t i 1 agi n ous ^t r uc t u re ; and it is 
to til is usually large portion of tbe wall of each bronchus to wbicK 
Cuvier givea tbe namo tjmpaniform menibrano. Thus two tjmpani- 
form membra Ties dcsecnd, looking towards each other from tbeangls 
nt which tbe windpipe divides, forniing the interior wall of each of 
its f^ubfiivif^ions, and being extended fcr:insversely between the ante- 
rior and posterior extremities of tbe upper osseous segments of these 
panie subdivisions ; these osseous segments extending only along tbe 
posterior, f ho esterDul and anterior part of their wallj so as to leave 
tbe inner part of eaeh brfmehus simply of a membranoua structure* 
Tiie first osseous segment of each bronchus has raucb the same 
curvature as the windpipe itself; but tbe second and third are por* 
tions of hirger circles, and are less convex exteriorly than the first, 
that these luist projeofc on Ebe inner Ride of the tube. 
On thia interior projecting p:irt the lining membrane forma a 
fold, and it is this fuld^ half shutting one of tbe inferior apertures 
of the wind pi fie, wbieb offers to tbe air issuing forth a tongue capa- 
ble of vibvaiing and of produdng sound. 

Tbe inferior larynx of singing birds, and some other birda whose 
^oice k far frotn musioalj is very complicated. The last rings of the 
find pipe unite into a structure two or three hues in lengtb, nearly 
iBylindrieal above, and expanded below ^ where it has two obtuse 
points^ one auteriorj another posterior, joined by the bony bar pass- 
ing from before backwards, already spot en of more than once» Thii "i 
I bur is so placed that the windpipe opens below by two oval boles, ' 
baking with each other an obtu.se angloj and each of these holea I 
Communicates with one of ibe bronchi. 
l» The three first osseous segments of each bronchus are more near 
lb each other and flatter than tbose which succeed them. From the 
first to the third there is a gr^jdual elongation behind, so that tbe j 
posterior estrenajty of the last makes a sort of projection, owing tgj 
the sudden diminution of tbe fourtb segment The arc which these I 
egtncnts furm hardly exceeds 00^, and in each bronchus the chord] 
Bf this arc, so to Bptak, ig the tyujpaniform membrane. The first ^ 
egment of each bronchua curves iU anterior extreniity towards the 
aner surface of the tubcj where it articulates with a small oval carti* 
age which is fixed to the tympanifonn membrane, while it formf ^ 
iritbin a prominence which is the vibrating lamina of the larynx on 
that side. Thus the transverse section of each bronchus is below 
r^ early circular, the section higber up becomes tbe segment of a , 
circle which diminishes in one direction while it enlarges in another^ J 
-ind the passage of the air upwards into tbe windpipe takes place bj 
vo oval holes, each furnished at its anterior border with a salient 
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lamina. This apparatus is supplied with ten musoles^ five on each 
side. 

Of these, one descends from the interior of tho windpipe to the 
anterior extremity of the third segment of the bronchus, and, by 
its contraction, draws that point upwards, thereby making the vi- 
brating, lamina project fartlier inwards, and, at the same time, reH- 
dering tense lengthwise all that part of t^he tympaniform. membraae 
lying below the segment to which the muscle is attached. Another 
muscle parallel to this has nearly the same attachments, and a like 
office. A third muscle, much smaller, extends from the inferior and 
posterior part of the windpipe, and is inserted into the posterior 
extremity of the second bronchial segment. Its action is similar to 
that of the former. A fourth muscle passes obliquely from the 
windpipe to the posterior extremity of the second bronchial segment 
It draws that segment upwards and outwards, so as to aid the action 
of the muscles already referred to, and of that which follows. Tho 
fifth muscle is no longer than the preceding, but is| much thicker. 
Taking its origin from the last ring of the windpipe, it passes down- 
wards and forwards, and is inserted into the anterior extremity of the 
first bronchial segment, and particularly into the minute cartilage 
already mentioned as being articulated with that point. Its chief action 
is to draw forward the small cartilage, and consequently forcibly to pnt 
on the stretch, in a transverse direction, the upper part of the tym- 
paniform membrane. 

Such a complex structure of the inferior larynx jbelongs, as was 
hinted at, not only to singing birds — such as the nightingale, the 
wren, the blackbird, the goldfinch, the lark, the linqet,.the canary, 
and chaffinch — and to those with a monotonous cry, like the swallow, 
the sparrow, the starling; but also to some with a decidedly disa* 
greeable cry, such as the jay, the magpie, the crow, the raven. 
Thus not only is a complex organ necessary to the musical singing 
of birds, but also a fine general organization and a singing instinct. 

The windpipe in birds presents some very singular modifications. 
As the voice is produced in the inferior larynx of bird&, situated at 
<he lower part of the windpipe, this tube comes to form, together 
with the mouth, the tube or pipe placed in front of the organ of 
voice. In short, the windpipe of birds comes to occupy a place 
corresponding to the situation of the organs of speech in the human 
body. It is capable of being shortened, not only by the diminution 
of the spaces between the rings themselves, but also by the rings 
being received one within the other. In many birds the windpipe 
is much longer than the neck, being thrown into convolutionSs This 
structure is observed in the cock-of-the-wood, the stork, and crane. 
In the wild swan the convolutions of the windpipe are lodged in a 
cavity of the breast bone. Nor is the windpipe always cylindrical; 
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for in hcrong and cormorants it has a conicnl figurej becoming 
pr^tdually wider and ^vider toivartis the mnuth. In some species of 
ducka it presents a sudden diktutioE, ivhilc in the goosander, and 
some members of the duck familj, it undergoes gradual dilatations^ 

That the inferior larynx of birds is the true organ of voice has 
been proved by many experimenrs. For example, nnatoinista have 
divided the windpipe in s^ingitig birds^ auch as the blackhirdj about 
the middle of its lengthy so thut Hie air con hi no longer pass through 
the superior larynx^ and yet the bird would continue to s-ing, though - 
with feebler tones than before- Simitar experiments have been 
made on magpies and on ducks. After such an esperiment, the 
magpie is found to cry with as great intensity of tone and with the 
Fauic acutcncss as before the operation. Again, if air is blown into 
the bronchial divisions of a duck after their separation together with 
the inferior larynx from the body, a sound exacHy similar to the 
natural cry of the bird is obtained. Even after the bronchi have 
been cut away, by blowing into the traebea the same sound is 
prodtvced. 

It is not, however, to be concluded that the superior larynx exerts 
no modifying influence on the voice in most birds. It is manifestly 
opened and closed rapidly in singing birds, so that it is impossible lo 
doubt that it takes an active part in the production of melody. In 
the song of the canary and the linnet its simultaneous movements 
with those of the mouth are readily observed. Its effcctj however, 
on the pitch of the voice is not supposed to eicced a semi tone. 
Physiologists still doubt whether the sounds of the voice in birds are 
the result, as in man, of the vibration.^ of a reed or tongue, or, as 
in mere flute-pipes, of the vibrations of a column of air excited by 
friction against the lips of an opening. There is unquestioniibly a 
great difference in the mode in which voice is produced in different 
birds. It seems certain that the simple organ of voice in the duck, 
the goose, and the like, is a reed instrument. In these the vocal 
cord.'*, or bands, which form the exterior margin of the opening of 
tlie larynx* can be seen to vibr?ite strongly, while the sound pro- 
duced closely resembles that arising from the vibrations of ment- 
branes. But it is by no means so clear that the piping, whistling 
sounds of singing hirda are pro<Jneed in the same manner j and it ia 
not impossible that these nmy be ejected in the same mode aa 
whistling by the mouth in man. 

Several reasons, how eve r^ may be urged in fav(jr of the opinion 
that the sounds uttered hy singing birds are the effect of the vibra- 
tions of tongues, as well as the voice of the duck and the goose. 
For example, the vocal cords under muscular action can hardly 
escape being thrown into vibrations j and even though the friction 
of the air mav be in part concerned in the production of the sounds, 
18* 
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a oQrapensatioD must arise between the vibrations of tho air and 
those of the vocal ligaments. If this be correct, the oigan of voice 
in birds would not be entirely analogous to a whistle or pipe, but 
would in part possess the constitution of a reed instrument. It is 
found tbat the length of the windpipe has but a verjr slight infloence 
on the note produced by the larynx ; and tbat fact corresponds with 
the slight effect on the pitch of the notes produced by placing a 
tube in front of the human larynx. It is also found that sounds 
produced by blowing, by means of a tube inserted in a bronchns 
through the lower larynx of some birds after its separation from 
tbe windpipe, are not perceptibly altered in pitch bjp holding a tube 
in front of the larynx: thus is confirmed the resemblance of* the 
lower larynx in birds to the character of the larynx in man. ' It 
may be added, that the greater number of the notes of birds may be 
obtained from the inferior larynx by varying the force of the blast, 
which at first sight seems to point to a resemblance with tbe effect 
of blowing by varying force upon the notes of flute- pipes of the 
same size as the windpipe of small singing birds. But it is to be 
remembered that the same variations of notes, by varying the strength 
of the Jblast, may be produced in reed instruments with membranous 
tongues, and even i» reeds with very delicate metallic tongues. 

The influence of the windpipe on the notes may be either tbe 
same as that of the notes of flute-pipes, or it may merely influence 
the notes in the manner of the 'tube of reed instruments. Contrac- 
tion of the upper opening of the windpipe at the superior larynx 
may lower the note, as in pipes and reed instruments. 

An influence may be exerted on the sounds produced in the lower 
larynx by the tympaniform membrane, which vibrates strongly at 
the time. Between the internal vocal cord; thei semi-lunar mem> 
brane, and the tympaniform membrane, there is a relation of com- 
pensation, the latter being analogous to the membrane formed of a 
reed stalk. 

The muscles which vary the tension of the walls of the vocal pipe 
are in continued action during the modulation of the voice, in order 
to adjust the tube of the windpipe to the pitch of the glottis; but 
the number of vibrations may be determined by the glottis, rein- 
forced by the walls of the pipe, as in mammals. 

The voice of birds, as of other animals, is also in a minor key. 
The range of notes is commonly within an octave, though some 
birds can greatly exceed it. In the parrots, which have a voice of 
great power, the inferior larynx is single. The two membranes of 
the larynx leave a narrow chink between them, through which the 
air is forced from the lungs. These membranes, vibrating in all 
their dimensions, produce that harsh and disagreeable quality of 
sound peculiar to them. They can also whistle, during which tho 
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glottis is probably silent, anJ'tlic coluiiiii of air vibratos as in a flute, 
when a vibratory movement is coramunicatod by the air traversing 
the elastic walls of the tube. Besides the power of speech possessed 
by some birds, many can imitate almost every sound they hear; the 
blackbird has been known to imitate the sound of the nightingale, 
tlie crowing of the common cock, and the cackle of the hen. The 
jay is said to mock the notes of the greenfinch and the neighing of 
the horse so closely that it. was scarcely believed to be a bird by those 
who heard it; also the calling of fowls to their food, and the barking 
of the house-dog. 

The variety in the song of singing birds is a subject of the great- 
est interest. The songsters, properly so called, include the skylark, 
the woodlark, the thrush, the blackbird, and the nightingale. A 
sljght notice of the notes of each of these follows : 

The skylark is one of our most agreeable songsters. Its song is 
composed of several strains, each consisting of trilling and warbling 
notes variously modulated, occasionally interrupted by a powerful 
whistling. Sometimes the lark sings on the ground, perched on a 
clod, or crouched among the grass; but generally in commencing 
its song it starts off, rises perpendicularly or obliquely in the air, 
with a fluttering motion, and continues it till it has attained its high- 
est elevation, which not unfrequently is such Si& to render the bird 
scarcely perceptible. Even then, as remarked by a distinguished 
naturalist, if the weather be calm, you hear its warble coming faintly 
on the air at intervals. Th» lark is also a bird of singular capacity ; 
the young learn the notes of any other bird which hangs near them 
in confinement, and soujc full-grown birds are observed to possess a 
like facihty. There is, however, a considerable difierence among 
larks in the strength and melodiousness of the note. In confine- 
ment some larks begin to sing as early as November, and go on sing- 
ing until moulting time; others begin in March, and cease as early 
as August. In the wild state their period of singing is much 
shortened. 

The woodlark is considerably less than the skylark, but of all the 
larks it is the sweetest songster. Its voice has all the melody of the 
flute, marked at times by a tender and even somewhat melancholy 
strain. It sings sometimes in the air, sometimes on the top of a 
tree. When singing in the air it is frequently seen flying in large, 
irregular circles. The woodlark sings late in the evening, so as 
sometimes to be mistaken for the nightingale. The female wood- 
lark, like the female of larks in general, is not destitute of song ; 
but all that it can reach is a few strophes much interrupted. 

The thrush has a clear and beautiful soug. On the tops of the 
highest trees it welcomes the approach of spring, and sings through- 
out the whole summer, especially in the morning dawn and the eve- 
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niQg twilJglit. It h kept in ji ciigL^ by bird-fanciers, whcnc?o often 
on a. tnortiitjg, even as early a a Februstrj, it will delight a whole 
street by its pleasing eori^% out'iidc the window, or even inside, pro- 
vided the window be a little open. The thru^ih m if a wild state 13 
fond of bathing. In September and October tbey arc often cangbt 
ut the pbccd where they water, before sunriso and after sunseti and 
even so lare that they cannot be seen, but only beard* At the tfnje 
of bathing they have a peculiar call-note. When a thra^^h finds 
water, or when it is flying towards a known watering place, it pipes 
loudly sik, sikj sil% micj £iki\ fs(il\ Isak! and imujedialely all the 
thrushes in the nejghboarbaod reply, and come on. 

Thu blaukbird has a song rich in melody, containing some deep 
notes, like those of the nightingale, yet varied with some which ore 
unpleasantly harsh. When at liberty it sings from Murcb to July, 
particularly at night. In the cage it sings thronghnut the whole 
yeaFj except at moalting time. Itet note is pure, distinct, and clear. 
It has a good nicmory, and will learn sevenil airs or raelodiea with- 
out confusing theni. It is even able to imitate words- 

Tbe nightingale by the fineness of its voice surpasses every other 
bird. The variety and peculiarity of its tones express its varying 
emotions. When the male is alone, its most significant note is the 
pipe- note witt. Eut if the harsh syllable, Irr^ be added, it forms 
the call of tlie male to the female. To express anger or fear the 
note iCiU is repeated w:th great loudness and rapidity before the ter- 
mination krt' is added. When happy and contented the nightingale 
utters a deep tack. Under the excitement of anger, jealousy, or 
alarm, the nightingale utters an unpleasant shrieking tone, which re- 
sembles the cry of the jay. When they sport and chase each other^ 
which they frequently do in pairing timcj they utter a very short 
chirping sound. Such notes belong to both sexes } but the power 
and the brilliancy of bis song distinguishes the male. His voeal 
organ is of striking power; the muscles of his throat are more 
robust than those of any other singing bird. ]3esides the strength 
of his yoice, the nightingale is remarkable for the force, the agree- J 
able tranaitionSj and the beautiful harmony of his song. 0<mimen-l 
eing EofUy^ he warbles for a moment a succession of low melanchijlyi 
notes, which gradually increase in strength, and at last die awayi 
upon the ear. A variety of sharp notes foUowSj and then ore utt.ere5j 
numerous hurried sharp notctJ, intermingled with some detached as-l 
eending notes, with which be generally closes his strain. In thai 
iong of a tine nightingale, without reference to slighter variationsjj 
there are at least fuur-and-twenty different strains. 

Among the sparrow and finch tribes there are many much prized 
singing birds. 

The bullfinch has naturally a harsh j croaking tonej but 
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birds Icarii ull kinds of songs, airs, and melodies. If it bo desired 
that a bullOucb should sing perfectly, it ought never to be taught 
luoro than one melody, in addition to the fanfare, which is always 
added by way of surplus. 

The chaffinch has a variety of notes expressive of its wants and 
desires. . There is. one delicate note, expressed trevf^ treef, by which 
it appears to remark a change of temperature. The call-note, which 
it uses chiefly on its migration, is a repeated yacky yack, A spon- 
taneous sound appears to hii finky finJcj which it reiterates, and A'om 
which perhaps the root of its name is derived. More remarkable 
than these notes is its clear and trilling song ; as approaching more 
to distinct articulation, it is termed a quaver. Euch bird has one, 
two, three, and often as many as four different songs, each of which 
lasts a couple of seconds, and consists of several strophes. Those 
who desire a particular account of the different songs of the chaffinch, 
may consult " Chamber Birds," by Bechstein, translated from the 
German by Mr. Shuckard, London, 1848. 

The linnet has a very remarkable, loud, and flute-like song, con- 
sisting of many connected strophes, which is the more beautiful the 
oftener it utters some high-sounding notes, which are termed its 
crowing, from the resemblance to the crowing of a cock. From its 
natural flute-like voice, this bird surpasses all others in its capacity 
for imitating melodies in a beautiful and pure style. A young linnet 
taught by a nightingale has an exceedingly pleasing song. 

The goldfinch has a shrill, agreeable song, heard during all sea- 
6ons, except at the period of moulting. It contains many warbling 
and twittering notes, on which it dwells more or less, and the oftener 
the syllable Jink is repeated the more it is admired. Some birds 
utter these notes only once or twice in their song, while others give 
them forth four or five times in succession. The goldfinch does not 
acquire the song of other birds with so much case as the linnet and 
the canary. 

The canary is distinguished by correctness of ear, by the remark- 
able skill it possesses" of imitating all tones, and by an excellent 
memory. While canaries imitate the notes of other birds, they mix 
them with their own, so as greatly to improve the song. In dif- 
ferent countries canaries exhibit a different character of melody. 
Those birds which intermix in their melodies several strophes of the 
iSoog of the nightingale, are called Tyrolese canaries. The English 
canaries, on the contrary, imitate the song of the lurk. 

Even birds of prey often exhibit no small extent of voice. The 
kestrel has a bell-like ringing voice. Mi, kli^ kli, which he often 
repeats in rapid succession. The white owl utters a plaintive cry, 
which by the superstitious has been regarded as a sign of death. 
The raven has a hoarse croak resembling the syllable crock or cruck^ 
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but it rI^jo utk^n? u note not unlike the sound of a sudden gulp, > 
tilt! syliiible clack ^ whit'li it sceins to utter ivheii in a sport rve mood3 
Tho rooks liave u considerable varictj of sounds. Their chief crjj 
resembles the syllable khraa^ more or less harsh or soft according 
to occasiou. There is great diversiij iu the voice of indmduali 
the notes of soiue being much louder and clearer than those of otiien 
Their cries ^ separate Ij, are monotonous and disagreeable ; yet whei| 
at some distance, and uttered bj a large flock, they become by no 
means unpleasant Mr, M'GilHvray describes tlie sounds proceeding 
from a rookcrj at tiight as consisting of a variety of soft^ clear, mo 
dulated notes, very unlike their usual cry. He regarded these! 
sounds as expressive of aifeetion, and was persuaded that the mo 
tilers were fondling and coaxing the newly-hatehed young. 

The jiiekdaw is extretueiy clamorouSj with a loud and clear not* 
fesembling the syllable koe or arWf variously modulated. Thai 
Doise produced by a large flock, though in no degree musical, is fajrl 
from being disagreeable. The jtiy can even learn to speak, utteringir 
bowcverj nothing but solitary words. They may be taught also tho 
fanfare of a trumpet, and other melodies of single bars, as well j 
little airs and the notes of many birds. The magpie imitates alfi 
striking sounds, and can be taught to speak more easily than anyj 
other of the crow tribe. The cry of the cuckoo is lani versa! ly wel-T 
come as the harbinger of spriug. His principal sound is no thin fl 
but ?itt-hu or cm)-(Of}j repeated at short intervals ; when attention it 
given, however, it is found that these two loud and mellow notes ara 
preceded by a kind of churring or chuckling sound, which consisiti 
of a low and guttural in:flexion of the voice, during which the throal 
seems distended. 

The parrot tribe are most remarkable for their power of iinitatiD| 
human speech. The cockatoo shrieks its own name, cockatoo^ an 
calls loudly, in a trumpet- like tone, tkrikvTf. The cries of all aniJ 
mals it acquires, particularly those of the domestic cock and hen J 
It rarely, however, acquires the power of articulating words. Ther^ 
lire numerous species of cockatoo parrots having much the sauid 
character of voice. Among the commonest of the parrot tribe in 
Kurope is the ash -colon red parrot* This parrot rciidily learns 
ipenkj and to pipe, Jt has not the unpleasant wild shriek of som« 
of the parrot tribe- It lakes no small delight in imitating the voice' 
of children; hence children are its best instructors. If its education 
be begun early, it will sometimes acquire entire verses^ and even 
axioms. 

The gray woodpecker has a note which resembles a loud shout of 
laughter, whence some of its popular names are derived; this note 
is never varied, except by ity more clamorous repetition during the 
spring and early summer months, and by the peculiar cry^p^uj, ' ' 
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pirn, which hag been supposed to indicata the approach of raiD. 
The wryneck in spring frequently and loudly utters [ft(/tf/jf^i, which 
is the cull whereby he attracts his mate* The nuthatch utters a 
loud cull J which may be heard at a considerable distance, resembling 
grew J derjk^ devh. The ring-dove, or cushat^ bos a loud and par- 
ticularly pleasing cooing^ during which he makes very grot&sqiie 
motioDSj which may be backwards and forwards, or from side to 
side, moving the head in every direction. The turtle-dove has a 
peculiar cry, and bows his bead while it is uttered. 

Toice of EeptHes, — The sounds uttered by reptiles and amphi- 
bious animals have their source in tbe larynx, like the voice of 
mammals. In frogs, as well as in the crocodile, there are vocal 
corda» In the crocodile tbe larynx ^ though more simple thaa in 
mammals, still retains something of the same character. There is 
one large, long-shaped cartilage, to which are att?ichcd two movable 
cartilages. The mucous njembrane descending from these movable 
cartilages into a deep pouch beneath, leaves a free fold on each side, 
whlchj when the movable cartilages approximate, becomes a vocal 
cord. In the gecko and the chameleon the vocal cords are more 
developed than in the crocodile; ncvcTtheless thoy are formed on the 
same plan. The liisard has an acute, chirping voicCj which has been 
supposed to depend on a peculiar membranons fold attached to the 
larynxj hut it really seems to depend on a vibration of tbe margins 
of the glottis. In the turtle tribe there are no vocal corde, nor is their 
larynx adapted to a perfect intonation of the breath. 

In the true serpents there are no vocal cords; 
the hissing sound which constitutes their imper- 
fect voice is a mere forcible breathing. In the 
mule frog membranous sacs at the side of the 
neck become distended in the uttcraoce of the 
voice J and serve to increase its intensity. In the 
Eana ptpa, in which the laryns, as in all other 
frogs, receives the bronchi directly, without the 
intervention of a windpipe, there is a large carti- 
laginous box, within which are two solid reed- 
like bodies, nearly as long as the larynx itself 
The anterior eat t re mi ties of these bodies are 
fixed ; their posterior extremity is free, and pro- 
jects on each side towards the opening of the 
bronchus* The vocal sound is produced by the 
vibration a of recd-shaped tongues, which act like 
a tuning-fork j while in other animals of the 
same class tbe parts which produce the sound are ^V^Xi^^^^r™?»i3«' 
membranous. If a small piece of canilage, a i*"/^*^***".^*^]*™^! 
few lines in length, be fixed by one end^ and a 
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current of air be tbroivn from a small tube apon its edge «t the 
other extremity, a humming sound is heard. In the Rana pipa, 
also, the mevable cartilages are convex externally, and concave in- 
ternally ; so that when the entrance to the larynx is closed, they 
form a dome over tbc windpipe, which has been compared to a 
kettle-drum. In the Eana temporafia, i?. escuhnta and R. hyla, 
the larynx opens into two saos on either side of the lower jaw, and 
these, during the cry of the animal, ar^ filled with air. 

Sounds produced by Pishes. — A very few fishes are known to 
utter sounds, such as the trigla, cottus, pogonias. 

The trigla utters a grunting sound when it is taken out of the 
water. It has been supposed that the peculiar muscle of the air- 
bladder in these animals has a fihare in causibg the sound. The 
cottus, however, from which a sound is heard to proceed v^hcn pres- 
sure is made upon its body, has no air-bladder. The pogonias, on 
account of the sounds which it produces, has been named the tam- 
bour. These fishes produce continued sounds under the water. 
The air-bladder is very large, apd is covered by strong muscles ; fur- 
ther, it has appendages, wliich, according to Cuvier, pass between 
the ribs, and become embedded in ^he muscles. 

Sounds produced by Insects. ^— Most insects are mute ; others 
produce sounds merely by friction ; others, againj by the passage of 
air through their spiracles. The sounds produced by friction come 
under the head of stridulation ; those produced by air from the spira- 
cles, purring or humming. In the orthoptera, and some of the co- 
leoptera, there are parts adapted to produce stridulation. 

In the cricket the muscular apparatus may be described as con- 
sisting of a serrated string like a file, which in the movement of the 
wings is drawn rapidly over a firm, transparent, and nearly triangu- 
lar disc, or sounding-plate, surrounded by a string, and by this act 
the sound is produced. The pitch of the sound of the house-cricket 
is very acute, being equivalent to about 4096 vibrations in a second. 

The cicadas, termed sometimes the ^^ chanteuses/^ or singers, are 
so called because the males produce, in the hottest part of the day, 
a kind of monotonous and noisy music : — 

*^ £t cantu queruls mmpent arbusta cicadie." — ^Vibgil. 

The music of the grasshopper has from early times attracted at- 
tention. Archias sung of it, and his verse has been thus translated 
from the Greek : — 

" Erst on the fir's green blooming branch, grasshopper ! 'twas thine 
To sit — or on the shady sprny of the dusky, tufted pine; 
And from thy hollow, well-winged sides to sound the blythesome strain, 
Sweeter than music of the lyre to the simple shepherd's swain." 
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Those, tooj ■wLo loved these *' living IjrcB ia the olive groves sotrndr 
ing all the summer loo^r," Unve celebrated the locust: — 

" Soother of loTBs, cncourager of sleep, 
locust ! mjsde maB«p shrill wiag'd ^"^ 

Atid the cicada, 

'^Cicada! tliou, who, tipsy with the clewa 
Of weeping f^kieSl on the tall poplar tree 
Perch'd fiwayingly^ Ihjaelf dost still aiiitiae, 

And the hush'd groTij, with thy sweet minatrelHy." 

Melatiger^ alluding to the buzzjDg of ioseotSj eiiys, ** Ezcute fa* * 
cunduH pedibua titubaotibua alas :" — 

^* Striking thine own speaking wingi mih thj feet ;" 
but tteir reu\ organs of sound are placed on the side of the base of 
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the abdomeOj internal, and 
covered by a cartilaginous 
plate, like a shutter, which 
is an appendage of the 
tiudcT aide of the m eta- 
thorax or posterior thorax. 
The cavity which incloses 
these instruments is divi- 
ded into two partitions 
by a ecaly and triangular 
edge. Seen from the under 
side of the body, each cell 
exhibits anteriorly a white 
And folded menibrane, and 
m the hollow part an ex- 
tended, slender membrane, 
called the mirror. If this 
part of the body be opened 
from above oo each side, 
there is seen another 
folded m e Tu b r a Q e, 
which is moved by a 
very powerful muscle, 
composed of a great 
number of straight and 
parallel fibres, extend- 
ing from the scaly 
ridge; this membrane 
ia called *he timhoh. 
The muscles^ by con- 
tracting and relaxing 
with quiekncsSj act upon the iimlaksj stretching them out or brlng- 



THOMCIC BPnUAfHK QT VUJtrWTTl^ 11.1 

(Mitsca vfjmitfjria}. 



Fm, 102, 






218 



APVLICATIOX OF PHTSIOLOQY, 



ing them into their natural atate^ whereby tbe sounds are produeed, 
and which, even after the death of the aDimal, may be repeated bj 
moving the parts over each other id the manner ihej act whilst alivev 
The cicadpo occur chieflj in warmer countries of the world. One 
Bpecie.Sj the Okatla Ai^ijlka^ the onlj English specieB, is found in 
the New Fares t. 

l£ is a commou belief that the buzzing of inseets is produced by 
the oscillations of their winga during flight. Thia idea hai been 
often culled in question. John Hunter found that insects emitted 
sounds after their wings were cut off. Moro recently it hae been 
stated that the sounds produced by many insects are the effect of a 
rapid transmission of air through the thoracic air-holes as they dash 
through space- Mr. Bishop has observed a peculiar mechanism for 
this purpose in the blue-bottle fly and humble bee. The preceding 
figures show one of the large thoracic spiracles in each of these 
ineectSj the Mum a vomitojia and the Bombus terrestrU. '^ 

Tlie Applieation of Physiology. — After the foregoing det-aile of 
the chief points in thejDConomy of living nature j it will not, in con- 
clusioUj be inappropriate to exhibit some of the great trutha of 
Fhysiolngy; to trace their connection with other subjects of human 
inquiry^ and to point out some of the uses to which a knowledge 
of t\m dt^partment of science is practically applicable. 

Physiology, taken in its largest acceptation, holds a most promi- 
nent place in the circle of human knowledge. Wo have seen it 
trace the development of tht? perfect man through the grass of the 
fields back tJ3 the common mineral elements of the crust of the 
earth. It also enlistd in its service Anatomy, Chembtry, and not a 
few depariwient.^ of general Physics; and it couuects itself with 
Agriculture, Political Kconomj, and the science of Legislation and 
Crovcrnment^ hardly less than with Medicine, Surgery, and the pre- 
servation of health. 

The most striking truth in physiology is, that organic existence8| 
ineloding alike the highest races of mankind aud the meanest vege- 
table organisms, are, in their material composttion, derived from the 
mineral matter of the earth. The properties of the simple elemen- 
tary substances entering into the vegetable and the animal kingdom 
Iiave been ascertained with exactness; in their mineral eoudition, 
tlicy have been fully investigated; and their ohemieal properties and 
combinations in inorganic nature are well understood. And socb 
knowledge leads to a second great principle in phygiology — namely, 
that there is nothing in the properties of these several elements of 
the organic world by which any tendency is given to thi^ni, beyond 
the rest of mineral matter, to combine together to produce any furm 
of organic life, however simple^ and however transitory. When, 
then, in connection with this undeniable truth, it is considered that. 
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for loBg periods of tjine, our planet, the earthy muat have been, from 
physical circuia stances j totally iocapmble of supporting any form of 
organic existcocej the conclusion follows, that the appearance of 
organic ejEistencea on the earth implies an exercise of Infinite Power, 
by which tnineral matter wna endowed with the new property of 
passing into the first species of aoimal and vegetjible life. It ia vain 
to say that such statements aa these He without the pale of inductive 
iilience. 31au*s natural curiosity loudly asks whence came organic 
Species, whenever he considers the undeniable truth tbat tbe surface 
of the earth must have lain for ages destitute of such existences ; 
and the answer which, by the original constitutioa of his mind, he 
is compelled to give, is, that such a cbange on the mere matter of 
the crust of the earthy as its transition into living forms, could not 
have occurred without the interposition of Omnipotent Power. 

This great truth ^ then^ is not the less a natural inference of the 
human faculties, because it does not strictly fall within the limits of 
physiology; it owes ita origin to the operation of the great princi- 
ples of human belief, implanted iu the mind by its primitive consti- 
tution, and on the knowledge supplied by the cultivation of physi- 
ology. The next great step in the progress of man* s knowledge of 
organic nature lies strikingly within the limits of physiological 
science* It is the conclusion that each organic species had its origin 
in a separate creative power* It is vain for any one pretending to 
the character of a philosopher to maintain that the idea of a trans- 
mutation of species is far more simple and far more in accordauce 
with Infinite Wisdom. Every one endowed with a philosophic spirit 
must at oDce reject this idea, simply because there is not a shadow 
of foundation in its behalf to be met with in the whole of nature. 
It is impossible to pronounce with certainty, from physiological evi- 
dcncCj whether tho several raecs of plants and animals at present 
livings or disco? e red by geological evidence to have formerly existed, 
had their origin from one pair, or from many pairs; hut the 
strongest evidence does exist against the supposition that one species 
of a iower grade can pass successively into other t?peciea of a higher 
grade* On the contrary, nature has guarded each species from 
change with the moat sedulous care. Bj artificial means, and 
within certain limits, man can make various changes in the i^pecio?, 
both of plants and animals; and accidental circumstances, without 
inarrs interference, produce like variations. But it is fully ascer- 
tained tbat, as soon as those circumstances, whether designed or 
aecidpntul, which have caused a variation, have ceased to operate, 
then the species returns to its original state. 

As soon as physiology^ by drawing upon the philosophy of mind, 
has overcome tbe difficulty attendant on the first appeaninee of 
organic nature on the surface of the earth, it traces out by ohaervA- 
tion all thtit belongs to the economy of organic existence, By mok 
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observations pbyaiology bas made known the conditions necessarj 
for tbo development and maintenance of organ io ex is te noes as welt 
as for tbeir roproijuction ; and as far as phjsiologj has yet dia- 
coveretl, so long as tbe&e conditions can be mamtuined in respect to 
eacb specicB, no tendency is shown to its beconiing extinct, x\t the 
same time^ a question may arise wbetber organic speciea have tbe 
power of unlimited esistencej as species, bo long as tbe ordinary 
known conditions necessary for tbe maintenance of tbe individnala 
continue untmpaiFed, or wbetber a species be, like tbe individual^ 
capable only of a limited existence; so tbat^ as in tbe case of the 
individuals of wbich it is composed, its prolific life at ]^t begins to 
fail. Tbe experience of mankind on the earth is probably not yet 
sufficiently extended to afford any sufficient data for debating tbia 
question. But tbe striking analogies between iudiTidual life and the 
life of a species in other respects, must prevent us from positively 
affirming that species can only die by a failure in the ordinary con- 
ditions under which tbe individuals of that species are seen at j 
present to live and thriTC. la tbe case of the individuals of every 
species, no matter how abundantly the conditions of their life are 
supplied J there comes at last a period when their susceptibility of ' 
availing tbemaelves of those conditions declines, so that decay and 
death are tbe inevitable consequences. In tbe species of plants and 
animals best known to phjsiologistSj no tendency has ever yet been 
remarked to degenerate, except that which owed its origin to a failure 
in the eoaditions necessary for the existence of tbe individuals of that 
species* The dodo is an example of a species which has become j 
extinct within the records of history j but a single case hardly 
affords a sufficient ground even for conjecture ; and it is, perbape^ 
right at present for physiologists to content themselves with the 
belief that tbe dodo perished from fortuitous causes interfering with 
the external conditions necessary to enable tbe individuals of that | 
species to live and thrive on the earth^s surface. I 

Here, however, in stating the great truths of physiology^ the im- | 
portance of the law of death in the organic world, as taking that i 
part of nature entirely out of the category in wbich mineral nature 
exists, must not be omitted. Id physiological nature, then, the law 
of death may be thus stated — no perfection of organism, no com- 
pleteness in tbe supply of the conditions of existence, can prevent 
any living individual whatever from at last failing to derive the ^ 
means of maintenance from those conditions, and from falling i 
into a state of decay and dissolution. Such a law is exclusively I 
known in physiological nature j there being nothing the least analo- 
gous to it in the case of inert matter. 

A more practical truth of physiology is, that each species multi- 
plies in proportion as the circumstances under which it is pUced are 
favourable to tbe maintenance of the individuals of that species- 
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Tbia law appcfars fo mlva'it of no exceptioo. In short, physiological 
prmcjple«i arc quite sufficient to settle the questions which have 
arisen as rcf^pccta the law of popuktion. No country can support 
more inhabitants than it can supply with the means of maintenance. 
It is not necessury that the soil of that conn try ehould produce 
enough of corn and cattle to feed all its inhabitants; but then it must 
produce something else by means of which food can be obtained from 
other countries. If the id habitants are skilful workmen, ibey may 
convert raw material, derived from other countries, into mantifac- 
tured goods j and for the value of their workmanship they may 
receive enough of corn and cattle to satisfy their wants. There may be 
mines of mineral wealth in demand among agricultural nations ; 
and in ejtchange for this wealth they may obtain a sufficiency of corn 
and cattle. SuU the great law remains unaffeoUd that the number 
of people which a country can maintain cannot exceed that for 
which it possesses the means of providing food. 

Physiology enters upon another praetical question of vast import- 
ance — namely, whether the soil of a country can be renewed inde- 
pendently of the application of existing organio matter. Every crop 
which is taken off a £eld carries with it a certain amount of soii| 
not, indeed, equal to its actual weight, because a great part of the 
substance of each crop ia derived from the air, and from the rains. 
Hence a soil necessarily becomes exhausted by repeated crops. It 
is renewed by the application of manure^ but aa manure, in common 
oireum stances, is obtained from organic matter, it is plain that the 
organic matter of a country must be coniinually declining by being 
ag^iin reduced to mineral matter; unless it be proved that under 
some circumstances J at least, soil can be renewed from the mineral 
kingdom. The annual waste of organic matter in every country is 
enormous' — that is to stij^ a large quantity of organic matter is con* 
tinually passing back mto the mineral state^ under such processes aa 
putre friction, combustion, and the respiration of animals. Plants, 
no doubt, are continually converting inorganic matterj such as the 
carbon of carbonic acid and the hydrogen of water, into their own 
tubstance. But the organic substaneea required lor food contain not 
only hydrogen and carbon, but also nitrogen j and therefore, unless 
it be proved that ammonia, which is the chief source of the nitrogen 
of plants, be const:intIy produced in the mineral kingdom, it must 
bo confessed that there is a continued irreparable destruction of or- 
ganic matter upon the earth's surface. Here there is a controversy 
among chemical authorities — some contending that ammonia is con- 
tinually formed in the mineral kingdom; others that the ammonia 
which appears in a soil is derived solely from tho decomposition of 
organic matter. On the determination of this question our specu- 
lations rest as to the future his^tory of the organic kingdoms on the 
surface of nur planet. If there be a continual destruction of organic 
19* 
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■matter witbtiut any correspoDditig renewal from I he rameral kmg- 
doiiij then a time will coine when plants nnd unimals must parish 
for want of the means of guheistence iit present enpplied to thetn by 
the suiU It is no part of our purpose to enter upon this controversy j 
but the evidence at present seems to be in favour of the unliiniled 
power of mineral nature to produce ammooia^ and therefore to supply 
that important conatituent of the food of plants which otherwiae 
must be derived from the deetrnction of organic matter. 

Another flprcnlative question bearing on the fortunes of the 
animal kingdom is sometimes debated in works of physiology. We 
have already remarked, that the carbonic acid, which is continually 
thrown into the atniosphere hy the respiration of animals, is as con- 
stantly decomposed and removed by plants for their own support. 
Jt is a common view that our atmosphere must, at a very early pe- 
riod, have contained all the carbon, in the form of carbonic acid, 
which now exists in the organic kingdoms, and in the soil of the 
earth. If such were the c^se, the atmosphere, however fit to sup- 
port the life of vegetable organ iaras, must, it is said, have been 
totally unht to maintain the liie of animals. Tbe supposition then 
is J that through the vast preponderance of the vegetable kingdom i 
{qt many ages, on the surface of the earth ^ the carbonic acid was 
gradunlly reduced in proportion down to its present small measure; 
and That the carbon so abstracted from the carbonic acid is that 
which now forma so large a proportion of the bodies both of plants 
and auimala, and so large a proportion of tbe soil of the earth. And 
now tluit the animal kingdom has begun to preponderate, and a 
greater proportion of carbonic acid is produced by the respiration of 
animals than is decomposed by the food of plants, this change will 
go on increasieg, until at last the atmosphere will become again unfit 
fur tbe support of animals, owing to tbe great accumulation of cor- 
bouic acid. The determi nation of this question involves seTeral 
considerations, I L is true that the forests which covered the earth 
iu ancient timea are fust disappearing; but it is also true that these 
foretits are repkced by cultivated crops. Shall we then say that if 
all tbe arnble parts of the earth become covered with crops, those 
crops will Hut destroy as much carbouic acid as the ancient forests If 
Aud if this be tho cusHf then tbe carbonic acid will not undergo any 
nmterial increase. Uuc thing is certain, that the animal kingdom^ 
us rewpects its con^^tituent earbout can only increase at the expense 
tjf tbe vegetable kingdom ; so thut» while there must remain the 
same quantity of ciirbiai at tbe earth's surface, a larger proportbn 
will certainly bti con tu: tied in the animal kingdom than in the ?e- 
getuble, owing to the destruction of the uncient forests. But if tbe 
whole quaiitity of carbon cont^iined jointly in the eropti, and iu tbe 
uuiinal kirigdoi*), and in the soil, remains eijuivalent to tbo quantiiy 
now in thoi^e lliiec touditions, no change can take place in ihc qnan- 
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tity of the curbonic acid in the atmoepbere. Again, it is perhaps 
impossible tbut the animal kingdom can increase so fast as to dete* 
riorate the air niuchj when it is considered^ that the only part of the 
animal kiDgdom that can be regarded a^ on the increase^ is maa 
himself^ ai]d the animals subservient to him. 

An easy answer to the difficulty which has been hero raised is, 
that by computation, from very probable data (** Edinburgh New 
Philosophical Journal,'' July, 1845), the conTersion of the whole 
earbon of the soil, and of living plants and animals, into carbonic 
acid J would not more than double the small proportion of that gas 
exietiog at present in the atmosphere. 

The connection of pestilential diaeases with deficiency of the 
means of subsistence has too little engaged the attention of legislators. 
It is true there are certain diseases of an epidemic character, such 
as small-pox, measles, scarlet fever, which prevail even among the 
best fed orders of society. It is iindeniable, however, that even 
these epidcniics are far more fatal when joined with an insufficiency 
of food. In modern times, it is hardly possible to conceive the 
ravages whieh, in the earlier ages, epidemics inflicted upon the hu- 
man race. At those periods^ agriculture had made but very slender 
progress; and what surprises ns is not so much that the nations of 
Europe suffered from such diseases as that they did not suffer even 
more. Were the same circumstances which so often prevailed in 
those countries again renewed in the present crowded state of many 
of the countries of Europe, the devastation would be far greater 
than even we find to be recorded of those times. Great sanitary 
improvements have taken place in all the countries of Europe, de- 
fective as that kind of legislation still is. But when the rapid in- 
crease of our great towns, without any previous means being secured ^ 
for their proper drainage and ventilation is considered, physiology 
cannot too loudly proclaim, not only that virulent epidemic diseases 
may arise under such circumstancesj but extend tl^eir ravages even 
beyond the limits of those localities in which imperfect regulations 
prevail. 

As respects the general maintenance of health, physiology sup- 
plies many important precepts ; although nature in this respect has 
hardly left man to he governed by physiology. Hunger forces man 
to the highest activity for the preservation of his life; and under 
this appetite, aided by common sensCj a body of popular dietotio 
rules has arisen, the habitual observation of which, more from imi- 
tation than from reflection, serves to preserve individuals in health, h 
It is only by seeking a variety of food that man is sure to obtain all ^ 
the chemical constituents required for the maintenance of hia bodily 
frame. We have already shown that each of the simple elemental 1 
of which the human body is composed, is continually passing out bj i 
various* excretory cfaannele j and thatj unless replaced, nutrition 
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beeomes deficientj unci ibe function of ttat part which fails to re- 
ceive its just supply is Decesearily impired. It doubtless often 
happens that the digestive powers are too feeble to extract the Bub- 
staoces required from one kind of food, Trbile they may be Eufficient 
to obtain them from another. The desire of a variety of food, then, 
is plainly a species of inetiuet implanted in man for the purpose of 
Becuring the perfect nutritioTi of the animal frame. 

Physiology is the handmaid of medicine ; and in its largest sense, 
it even includes pathology. The relation between phyeiology proper 
and pathology has no parallel in other departmeDts of knowledge. 
In physicaj science j as there is no death, bo there is no disease. Tlie 
mere derangement of machinery invented by man is Tery different 
from the state of disease in physiological nature. But not to waste 
time on a subject scarcely relevant to our present purpose, it is at 
least manifest that in the derangement of machines there is not, as 
in the case of disease, a power inherent in them to rectify and to 
restore theni selves to their former state of efficiency. Such a power, 
however, is what eharacteriaes pathology in particular. It is some- 
times said that in meteorology, storms and tempests, as contrasted 
with calm weather, are the diseases of the atmosphere. But eyen 
in this department there is no close analogy between the two cases. 
A mere disturbance of the equilibrjum of the atmosphere, on which 
every sudden change of the weather depends, bears but a very 
remote analogy to the pathological states to which living nature, 
and in partioubr tbe human nature, is subject. But when we coma 
to chemical science — to that science which treats of the combina- | 
tions of bodies, and of their actions and reaction a upon cmh other, \ 
then we perceive at once how totally different physical natnre (and ^ 
under chemistry the whole of physical nature falls) is from organio I 
nature, in respect to that class of phenomena which constitute the 
special department of physiology termed pathology. In chemical I 
nature there is no individuality, unlesSj rejecting the idea of the in- 1 
finite divisibility of matter, we pronounce each atom of a chemical ' 
substance to possess an individnality. And this view at present 
supplies us with the best and most correct notion of the grand dis- 
tinctions ex:i sting between physical and physiological nature. The J 
individuals, then, of which chemistry treats are mere atoms of aimpb 
bodies — every massive simple body is merely a group of individual 
atoms — each of these atoms is, in a Tery definite senscj an inde- I 
pendent individual ^ it possesses all the properties which belong to 
the mass or aggregate in which it is seen to exist ; by being sepa- 
rated from that mass it loses nothing ; in the present system of 
things it is imperishable j i£ knows no decay, it knows no fatigue, it ] 
knows no exhaustion of its properties, it knowa no dissolution or 
death. From its first creation to the time when the Eternal shall 
pronounce the fiut of its extinction, it knows no change of character. 
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How different am iho tormB in which the individual falling uoder 
pbjBiological njtture must he spoken of I Here the individuality] 
lies io^tiie peculiar aggregation of a great mass of different particles 1 1 
no two individuals are exactly alike; no individual is esaetlj like] 
iteelf even for a moment^ there ia a perpetual change; even the] 
fery atoms whieh compose the individual are cootinuallj disappear* \ 
ing — the form remains^ while the substance ib continually changiog; , 
there m an unceaBing rise, progress^ decay^ and dissolution ; the dis- I 
iolutioUj however, does not lie iu the loss of the eoastituent sub* { 
atance, but ia the failure of the indispe usable form. Here, then, , 
liea the great distiueiion between the individuals of phjeiological 
nature aad the individuals of phjsi<2al nature. In physical nature { 
eicL individual retains throughout all time its proper identity ; is 
ilways the same uuder the ±^me circumstiiuce:s; associates itt^elf is 
innumerahle ways with other iudi vidua Is like itself, but never losei j 
its own peculiar properties aod character. The individual of phy* I 
eiologieal nature retains Its identity through the best part of a cen- 
tury, while the aubstunce which renders it a sensitive body is coiK 
tinually undergoing a change. It retains no identity of mere 
matter, hut only an identity of form and spirit. An atom of car boa 
now exista in the crayon of the artist } now floats about the atmo- 
epbere from pole to pole in a new com bi nation ; now enters into the 
constitution of some vegetable nature; now is a component part of 
some animal frame ; now is cast forth again into the atmosphere^ 
and thus enjoys an immortality of existence altogether free from the 
laws of accident J disease, or death. 

Physiology is the truest guide iu medicine ^ and man is by nature 
a physician — is an observer of di^ieascSj and of the means under 
which J whether by dojign or accident, diseases have difcappeared. 
Medicine in its ruder states exhibits a few individuals who have not 
only been themselves diligent observers of diseases and remedies, 
but also inquirers into the experieuee of others. There are certain 
parts of medicine and surgery open to common observation without 
niueh risk of deception or error. But as long as a m^n is ignorant 
of physiology he is groping in the dark ; he is deceived at every 
step 5 he mistakes mere euceesaivc occurrences for events standing in 
the relation of cause and effect; and , if he be of a rash character^ 
or even only of an ardent mind, he is very apt by his interference 
to aggravate rather than promote the cure of disease. When phy- 
siology has made some progress — that is to say, when the spirit in 
which the Creator willed the aetioua of living nature to t^vkc place 
has been apprehended — then men begin to discriminate the shades of 
diseasQ with more accuracy, and to observe with less risk of error 
what remedies have contributed to a cure. Till physiology made 
such progress, medieiue was overburdened with precepts rashiy in- 
ferred by unskilful observers* 
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The last great use of the science of pliyaiology to wbiuh we abalL J 
advert, is its intimate conneetion with that scienoe which points out! 
the evidence of design in nature ; and it is m the organic ^orldj 
chiefly that we find such eyidences. J 

It is a great error to suppoee that bum an knowledge is cofi€ne<f j 
to deternjining tbc Jaws accordiDg to which phenomena occur, I 
Those who study the evidence of design in the universej are some*-] 
times reproached with deviating from the proper purpose of philc- 
Bophy, They are told that phjloaophy has nothing to do with the j 
origin of things; but only with the laws which regulate the pheno- 
mena which man m capable of observing. But this is an assump- ' 
tion purely gratuitous. It is quite true that man in early ages made | 
small progress, attempting to 6nd out the purpose for which every- 
thiDg that exists was made. It is also true that Bacon described 
final causes as barren of effect. But if we find that the knowledge ' 
of nature, and particularly of organic nature^ has now advanced so j 
far that the study of the purposes for which organic parts were made, 
leads to the elucidation of the science ; and that the study of final 
causes is no longer that barren pursuit which it was in Bacou's ( 
time; then we are entitled to repel this reproachj and to consider on j 
what grounds it is affirmed that man's knowledge must be confined ^ 
within the investigation of the mere laws of phenomena, and not ^ 
extend to the study of the purposes to which the various forms of 
organic structure are subHcrvient. There is manifestly no other ' 
ground for affirming that human inquiry should be confined to tbe 
study of the laws according to which phenomena take place^ than | 
the argument that this is the only way in which human knowledge 
can be extended. Those who so argue altogether ignore physiology. 
The most ancient expression for pby&iology is the rtsus pariium^ I 
that is to say, the use of the parts of tbe body. What does this j 
mean ? Surely it signifies that the study of the porta of the animal 
frame and of the vegetable htructurCj leads to a knowledge of the 
design with which the animal or the plant was made after tb&t 
fashion. Tbe discovery of the use of a part is not only a new step 
in physiology^ but the observation of the relation between tbe struc- 
ture of a part and its function is a fact in evidencing design. Till 
that discovery is tosde the human mitid remains altogether unsatis- 
fied with tbe most minute knowledge of the more structure. The | 
extent to which this is true wLli at ouce appear from the species of 
shame with which anatomists and phyaiologiats point out thosff] 
organs in the animal frauje^ the distinct use of which has not yel] 
been discovered. There are such organs in the body, for example ] 
the spleen, the thyroid gland over the upper part of the windpipe, 
the supra-renal capsulei^j and some parts in the anatomy of the em- 
bryOn The most persevering efforts aro continually made to connect 
the BtrUQtum of such parts with some definite use in the living body. 
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Wbat arf» these effbrtt^ btit tli^ most oonclusive c^onfessian that the 
buma.n tniod cannot rest satisfied with the mere knowledge of tUa 
size, ihe form^ the miDute iDteraal structure of a part, unless it bo 
able to conceive with what purpose that part was placed in the sitim- 
(jon which it occupies ? 

The chiiracter of human knowledge is not to be sought in the 
speculations of philosophers* A far truer standard of the character 
of human knowledge will be obtained from the common priuciplea 
which pervade the minds of mankind at large. It is vain to atiempt 
to extinguish man's curiosity to know whj a part was ao constructed, 
or why it was placed in the situation whilh it occupies. Such in- 
quiries are aa natural to bim as the desire to discover the laws which. < 
regulate the succession of phenomena. It is not to be supposed, , 
however, that man has been gifted with powers sufficient to discover 
the whole plan on which organic nature is constructed. He need 
not expect to become able to explain the particular purpose of every 
variety of structure which he discOTers in the animal and vegetable 
kingdom. It is long since physiology reached the truth that, in 
SJ>me species, there are parts of structure which do not seem to hava 
any special office; or any special bearing on peculiar habits. It is 
long since physiology became acqnaioted with what are termed rudi- 
mentary structures, both in the imperfect and in the mature state of 
individuals. The simplest example of a rudinieutarj organ is tho 
mamma in the male of the human race. It performs no office. 
The disciple of a positive philosophy points to those organs, and 
fitieeriugly asks how this is to be reconciled with our doctrines, Bui, 
suppose all the rudimciiitary organs which arc known, and all the 
peculiarities of structure in animals, which seem to serve no ustful 
purpose in relation to the habita of the animal, were deducted, 
what an infiuiLe^imal proportion would the total amount of these 
make as corn pared with the vast arruy of orgaus with distinct uses, 
Lft to constitute the evidence of dteigu I The disciple of a positive 
philosophy sarcastically asks, of whiit use it is to the whale to have \ 
the boues correspimding to each of the bones in the human arm, or ' 
upper extremity? Here we answer by referring him to hia f a^ i 
vourite termj LAW; it is a law that the great orders of animals are i 
developed uptm one grand type. This law we discover by observa^ j 
tion ; it is a purt of inductive science ; it has nothing to do with < 
design. But, having ascertained this law of development according 
to the type, we tlien discover thut the type is made to bend into 
conformity with the particular habitjs and usages of each species. 

Here, then, is a Qtv^h fact ; and notwithstanding the law, in obe- \ 
dieiice to which the un wieldly whiilcj with its ^hort fin-like arms, 
]v,m in those arms a bone eonespouding to evc^ry one of those in the < 
human upper extremity, yet arc these analogies of the human bouei 
30 modlBed as in the most perfect manner to become subservient U> 
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the different uses to whieh tbis animal applies its anterior extremity. 
Tiio flis^eiple of the possilive pLilosophy do doubt sajs — surely the 
foro-paw of a wbale migbt bave becu constructed on a more siaaplfti 
pIuD, to answer all tbe uses to which it is subservient. But doeffJ 
this answer shake the foundations of the evidences of design 1 Be-| 
fore bis arguments becotne of any avail^ be mnj^t show that tbe fore- 
paw of the whale is 11 Q fit for tbe purposes required by the habite of 
that animal, because it is framed on the type of the bnn>an upper 
extrerailj. We do not pretend to eay why it has pleased the 
Author of NatIjre to establish that law according to which the 
skeleton of mammals dhifornis to a certain type ; but we do affirm 
that the Author of Nature, having restricted His creative power 
witliin the limits of that type, has displayed ioeontrovortible evi* 
dence of design in adapting tbe type of the human arm to the f<irni 
of tbe fore-paw of the whalcj in conformity with the useB which 
th.Tt part has to perform. 

Such J then J is the kind of difficulty which presents itself in our 
reusonings upon design. The physiologist should never forget thafe:| 
hia sobject falls under the laws of inductive science, in as far ni 
these are applicable to it ; and be should never permit the disciple 
of a positive philosophy to refuse him the alternative of so regarding:] 
it, or considering the discovery of the fitness of means to an end as 
a new step in its progress. 

A very remarkable feature in physiological nature is, that, aftei 
all, each individualj though composed of materials derived from 
mineral nature, is not dependent for his individuality and identity 
on the continued presence of that same aggregate of mineral suh 
stances. At evQTj moment the materials of which a human beia| 
is composed are passing away^ and giving place to new matcriah 
derived from without. In a short period of time, the substance of | 
his body is entirely changed, yet his individuality, his identity, 
bis personality remain, lie is the same, and yet different. He if 
no longer the same matter; but he is the same man. Tbe man ia 
therefore something different from matter. Let the disciple of tha 
positive philosophy espound this to us; If everything be material — 
if all tbe phenomena of the organic world be the result of interoj ' 
laws belonging to material substances, what is it that represents manl 
throughout hia long life, notwithstanding the perpetual change of j 
the matter which at any one moment composed his bodily frame? 
Man surely is something different from matter; he is a thinking 
spirit, and one of the earliest of his t hough ts is to refer thR changeil 
which he sees taking place around him to Infinite Power, and ta 
recognise in the aceonimodation of means to ends, the inherent 
design of Infinite Intelligence, 

Truly did Galen say — ^" The study of physiology is a hymn in 
honour of the Deity," 
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A. 

Acoustic capsule (Or. akono, to hear, and Lat. 
enptula, a little cover). 153, 153. 

Adam*8 apple, the laryngeal prominence, 
called the thyroid cartilage. 176, 179. 

Air, sound not merely a vibration of, 169. 

Air-tubes in man, 114; in birds, 116. 

Albumen (Lat. albua, white), properties of, 
73. 

Algebra (Arab. «/, the, nndgabroHf reduction 
of fractions), operations of, 21. 

Alimentary functions, 107-110 

Alkalies (Arabic at, the, and kali^ tlie glass: 
won plant), properties of the, 15. 

Animal economy, importance of the blood 
in the, 95, 96. 

Animal kingdom, composed of materials 
fbnnd on the earth's crust, 54. 

Animal life, on the physiology of, 57, et seq. 

Animals distinguished fV-om plants, 59: lo- 
comotion of. 130 et $eq.; senses of, 143 et 
tea.; smell of, 143; sight of. H5; hearing 
of, 151; their taste, 154; their touch, 155; 
their instinctive powers, 163. 

Animals and plants, an agreement existing 
between, 58. 

Annelida (Lat. annulus, a little ring), respi- 
ration in the. 119. 

Antennc of insects. 157. 

Ape, larynx and voice of the, 304, 305. 

Aracbnldians(6r. aracAne, a spider), respira- 
ration in, 1 18. 

Arachnoid membrane (6r. araehne, and eidos, 
cobweb-form), the serous membrane of the 
brain, 86. 

Areolar tissue (Lat. areola, a little bed), po- 
sition aod fiinctionsof the, 83; distribu- 
tion of the, 83. 

Arithmetic (6r. arithmoe, number), truths of, 
self-evident, 21. 

Ann. bones of the, 70. 

Armadillo, laryngeal organs of the, 903. 

Ass. larynx and voice of the. 203. 

Attraction of matter, laws of, 29, 30. 

B. 

Balance, principles of the, 37. 

Batrachin (Gr. hatraehos, a frog), circulation 

of the blood in the, 99. 
Bats, flight of. 140. 
Bears, acute smell in, 145. 
Bee, respiration in the, 1 18; eyes of the, 147 ; 

humming of the, 317; thoracic spiracle of 

llK,.31& 
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Bile (Lat. hiHt, chqier), analysis of the, 1 10 ; 
its uses, 110. 

Birds, respiration in, 115, 116 ; progress and 
development of incubation in the eggs of, 
135. 136; locomotion of, 138; smell in, 144; 
eyes of, 150; ears of, 153; their sense of 
touch, 158; larynx and voice of, 3US eteeq.^ 
306. 

Blackbird, song of the, 313. 

Blood, formation and circulation of the, 63, 
95 ; red corpuscles of the, in man and dif> 
ferent animals, 86, 8H, 90. 91; effects of 
drawing, 87; inflanmiatory crust of the, 
87; small proportion of fibrine in, 88; al* 
bumen in the, 88; its corpuscles colourless, 
91 , sails of the, 93; its waste and repair, 
93; its importance in the animal economy, 
95; renovation of the, 104; its sources of 
renovation, 105; daily addition to the, 109; 
its purification. 111. 

Blue-bottle fly, suckers of the, 134; thoracic 
spiracle of the, 317. 

Body, waste and repair of the, 93. 

Botany (Gr. bolane, a plant^, utility of, 40. 

Bromine (Gr. bromest fetid), elements of, 
70. 

Bulfinch, song of the, 312. 



Calcium TLat. eatx^ chalk), general preva> 
lence of, 72. 

Camel, its laryngeal organs, 203. 

Canary, song of, 313. 

Carbon (Lat. earbo, coal), elements and pro 
perties of, 69. 

Carbonic acid, its transmutations, 130. 

Carnivora (Lat. caro, flesh, and voro^ to de- 
vour), the larynx and voices of the, 304. 

Caseine (Lat. caseue, cheese), properties of, 
74. 

Cat. larynx and voice of the. 304. 

Cephalupods (Gr. kephale, a head, and podss^ 
feet,) respiration in, 117. 

Cetacea, or Cetacians (Gr. kete^ a whale), 
voice of the, 301. 

Chaffinch, song of the, 313. 

Chemical nature possesses no individuality, 
334. 

Chemistry (Arab, kimia, the occult art, or 
Gr. ehymoSf fermented juice or pulp), an 
inductive science, 15, 3^; relation of art 
to, 3.1. 

Chest and lungs, constitute a musical bel- 
lows. 173. 

Chimpanzee, larynx and voice of ihe, 20.5. 
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ChlnrJne (Gr* cktarm. gfeeii)» elointinl* ftnd 

pfO|t«rl)eA or, 7Ui< 
CtiiAir. acM, IID. 

ftfiftii^ftnt; 74, 
ChjlB (Gr. c*f ^p». Juke). diirr?rnnl from lilood 

or lyntijJi, ti-l; lenovHUoM of the bhjuil by* 

t(M ; coiiiparatiTB quaniities of cbyle and 

fiset^s; lOJ f vetflfllj of, fiy:. 
Chjfine (tJr. c^m^, Jitky pulp), fil. 
Cicu4li|] (Lhl «i£ii^, a irasshtippfrr]. fiiubIc^I 

Bnunda nfttie, 216. 
CirLlfTn aren ofthe. de fined JQ; UsettJmetri- 

€Jrcii!a thill nf ihe btrpf>d, OOeEfsf. 
Cnnl-fiL'lilritfniiliDil vievvof a^ 4^2. 
Cundiif^f^aui multutftn (Lnl. concha, a shelU 

and/erp, tn beiqr)^ n^Ppirathm in, 117. 
CfUL^riuuinpa* (Lai. (Kni and fcitntia, Willi 

PL-trknntviedfe), wiile arftPMAcntiuii vf, i5St. 
Ctmsounnlff, aoiinrii of, J!+7. 
C(iintrHi:t)lity< ll» prnpeny of a muicular 

flijrfl, 78. 
CraK Its shfll a ftketelon, iO -. red rf^rpUitelcis 

ofiif blood, no ; ri» kicomolioiij JJU. 
Crny tl&li, eye of ihe, 15*J, 
lYtrki;i9, lound* praduceil Uy, 21 fi. 
CrJconryiufn^idei poatici {Gt. krikof, a rltif. 

arff^ina nnd eic^a, J^aEJIo ehatied. and Lat« 

^(ijrffttj^ belli lid J J a iiiUBCle of tbe larynUi 

179. 
Crko orytenoidRi ralemlc* (»ee aaf«),a mus- 

dfl of ihp laryin, l"fl, 
Cricfi-thimidL'i (Gf. tHfaw, a rfn^* 'Aj^rpj,* 

roldjojf-dfmr* and ei^o^, resetnblaaeejH & 

muflrJF? of the lafynx, (711. 
Cmci^ilfi, larynx and vojce of ilic, 915. 
Cruet IS riP (Lat. frii]:, a rroia, and fertt. Uf 

bi^nt), one of (he jrreat fiteii.ilie« of plant*, 

40; ilfl pdiblt} pTftfmrlicr, 40. 
CniBiacennfl (Ljti. cntjfiet^ a. Abe] I )„ circulation 

of ilir> hlij^d in, roj : «riiell of, J 13^ 
Cnj«tiicLFOij!i atihiujls. reitpiratioji jn, 118. 
Cue It f Ml, T'lice nf the. an. 
CtirvHiof^nr mafnituifevt meaptireof by rec- 

M linear, !;rci. 
Gtitric fiirh. eirciifntlcin of blood in tbft, 10?^ 

jifl w¥»n(}i>rful powera of leapin,erH l-*3; 

e^iti oftbc, liG; its sense of bE^anoff, U9. 

D, 

Death, eaneed by t\m cefsatjon of any one 

tif llifi vjinlf riiii€i|oni(. f^A^ 
D#Uy. onitiipoKincc and benevf^lenee cif ibe, 

So, NT It^X 
Diamond, known by Ha anjjulai foini^SS. 
Dispst^ui, prneesi of, 10|. 
iJtfli-it^ve apparatni of man, Gl. 
r>iflpa#n0, prsijlfinEin]!^ a'^. 
Doit, tittioJiiEi niembrani!' of ihe, 107, 
DnjjB, '' iolellectunil noapa'' of, 145. 
Dnvea, voices of tl*e, 515. 
Duck, wild, bill and tonprue of ihe^ 158. 
Duiiibnest. nrijiin of. l^Bi cauied by ihe ab- 

■ence of 1]«fnriiif. SOD. 
Duodenntn r Lat. dtiodeni, (welve)^ a species 

ofaecond utomach, 61^ 110 

E. 
Ear, uae of iti esrfernal appeiidafea, IM, 
Eitueilioti, object ■ndeflk^tior^'ia; (felution 



deiiroyAl thereby, i5: what kind irhonM 
be prnvrdtrd, 47; Oil the ptopep directiitn 
of, 6V: (he conlrolkrof thought^ HiO. 

En\, nerve-inlj^a of thn, Bl* 

Eirg, progri!*s9 and devulupjoeot of tncubation 
Ml th&, 1S4-1«>B, 

Electric H|eiic« (Gr. ilalrum, amber), pyrety 
iihdu{<tive, 35. 

El^oiphij rtf ori^nnic nature^ GG ei *ff. 

ElRpbant (Gr elryAaw^ iv<ity% it* larynx find 

Enroll on, }»}iyB|oln|;y of^. 161. 

E[ji£loLii4 i,Gr, e^j and frieita, on the tttopie), 

ftnictioB of the, 17^.1, ISO. 
Error, nbf^rirai ion o^en a «ourcp ofj wbcn 

not dirtf tH by knowled^e^ 48, ^B. 
Eri-orn, popnlur, ^5, 
"■ Exhauf^^in^B^^' nielhod of, Ifl, 
Eyeaof diRi;ient animals, HiJ ti teq. 

Fare* (Lat./iM, tlie dfcfi of any tbIogV pr«« 
pr>rtioji t>f dlscfaarffed, 105. 

Fai, a ccingiHiicnlorornaMic biiidiea:,75r dif- 
feriini from ailipose l issue, 84 ; i?JiiPTiHiv*ly 
difZiited ilirniJifb The animal kinjjdonv Bi. 

Fibre^ muBcular, on Iho eonliaetion of, 77^ 
79. 

Fihrtne fLat. jIAr^s, hair like spronisX pra- 
pi-rijes of, 73; propi^rtiM of^ in blo^, W. 

Fibrous nervous matter, 81. 

PihirncnlouB t{>iturc of the animal wytlent, 
77. 

Fins of Jitbeff, their loeotBOiivn p<iwer, 134, 
135, 

Firsi CauK| on llie,J!a; natural evideaeeur 
a, 5^^ 

Fishes^ circulation of ttw Mood In, P$1 ; re»- 
piraiinn in^Iltii IncooiEitioii of, i'M; leap- 
ing fif. t45 ; arule unrell in, IJI } eyns of, 
]47-l4nj no i^nrB jn, 150; their *en»eof 
htJstriiifr, 152; (rfla«re, I54, uf touch, 1A7; 
piiren»e deeree of h^at th«y ean b«Hr^ 157; 
Bounds Littered h.v, Slij. 

Flf^aft, Ibftir wonder fu I p^iwcrof leapl^f^ US. 

FJrea, Ificom^tion of, 134. 

FluilriiiQ (Lat. /m«, Id flow), cfemeiitt oi; 
7fl. 

Tmma (Lat,/*Jii», to hrlnf fonb ynunf), eir 
eulatioti of the Wood In ibe, 97, 

Food, ihie various funciioas ^mplo^red in it* 
diacribntion thrcii|crh thn arpiinal Bytlfm. 
til,ri5;: Iransmutation of into cbyle and 
i^rcs, 104; ehangca which it undergoes^ 

no. 

Forces* dinctrine uf, 35, Sfl. 

Fro^, red corj^imctei of itt bloody Ql ; omalr' 

Jn^ of the, ai5, 
Functfon^ r«iieral use of ibe lermi m pbysi- 

n|f>^y, 60. 
Fuitrtions, fecetat^ve and aoimal, 60, 61; 

of rt production, b4j tabli^of jn man, 05. 

G. 
Oastf>r5pod3 fGr. f «*f<r* th« belly, and ii#rf«, 

feet)^ rei^piratirkn in, 117. 
Gastric jnirp (Gr, gttt'ef^^ the vicimnch), fil I 

changes which it e^tfcla in lh« siomach, 

1 10. 
GelUtine (Lat. gef^y to congeal), elemCJ 

und propertjea of, 74- "^ 
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Qen\o§y TGr. g» and hgw^ n discourse nn 
the earth), lessons tau^iht Ity. 4*i 

Geometry (Gr.^< and vtetron, the nkea8:iriiij; 
of land), demonstrative principles of, 15- 

Germtnation of seeds (Lat. gtrminoj to bud), 
process of, 1'28. 

Giblxiiis, larynx and voice of the, 305. 

Glaiicns (Lat. glaueusy sea-green), locomo- 
tion of the, 132. 

GlnliQIine {lAt. globus, a ball), principles of, 

Glottis (Gr. glotta, the tongue), 179; on the 
use of the term, 181 ; the seat of the hu- 
man voice, 181-183. 

Goil, an infinite, intelHiprent power, 53. 

Goldfinch, song of the, 213. 

Grasses, the great family of, 41. 

Grasshoppers, their wonderful power of 
leaping, 14*2; musical sounds of (he, 3 1(>. 

Giavity, law of, discovered by observation, 

Gum, general prevalence and use of, 7G. 

H. 

Harpyia Pallasii (G^. Karpaio. to seize, and 
Paltos, the goddess Minerva), wings of 
the, 110. -'^ 8 

Health, important precepts supplied by phy- 
siology for the maintenance of, 223. 

Hearing, sense of. in various animals, 151, 
152; absence of, the cause of dumbness, 
200. 

Heart, anatomy of the, 90 ; its mechanism, 
9«. 

Heights, inaccessible, first rude measurem«>nt 
of: 22-24 ; application of trigonometry to, 

HeniUtosine (Gr. haimaf blood), principle of. 

74. 
Hippuric acid (Gr. hifpus, a horse, and Lat. 

urina, urine), properties of, 75. 
Hog, its iarynjc and voice, 20.*). 
Horny matter, varieties of, 74. 
Horse, its laryngeal organs, 202, 203. 
Hydra virolis (Gr. hydorj water, and Lat. 

viridis, green), locomotion of the, 131. 
Hydrogen gas (Gr. Ay</or, water, and Lat. 

ftnnao, to generate), experiment of b<irn- 

ing with oxygen gas, 33; properties of, G9. 
Hypotenuse (Gr hypo, under, and /eiwo, to 

subtend an angle), mathematical prooer- 

tiesofthe, 16. 

I. 

Icosandrous plants (Gr. eikosi, twenty, and 
ai»tr. a man), their edible properties, 41. 

Incubation (Lat. ineubo, to sit upon), pro- 
gress of, in the egg, 124-126. 

Induction, abuse of the term, 47. 

Industrial education, importance of, 48. 

Inert matter distinguished from organic, 58. 

Infero-branchiata ^Lat. tit/srii«, lieneatb, and 
branehia. the gills), respiration in the, 117. 

Infusdria (Lat. ii^fiuut, infused), microsco- 
pic animalcula, 131. 

Inquiry, natural to man, 227. 

Insects, circulation of the blood in, 103; res 
piration in, 117; locomotion of. 133; their 
action in leaping, 142; smell of, 144; eyeii 
of, 147; their sense of hearing, 152; their 



I Sense of touch, 156; antenne of, 156; OA 
tliH buzzing produced by, 216-218. 

Insiinrl, powers of, 163, 1()4. 

ludine (Gr. todes, resembling a violet), ele- 
ments of, 70. 

Iron, its important ofllces in organic nature^ 



Jackdaw, voice of the, 314. 
Jay, voieeoftbe,314. 

K. 

Kangaroo, its action in leaping, 141; its 
larynx and voice, 204. 

Kestrel, voice of the, 213. 

Kidneys, structure and functions of the, 119. 
120. 

Knowledge, on the nature and uses of the 
great departments of, 13; first rudimenta 
of, 14; prominent groups of, 15; arrange- 
ment of, 43; uses of, 43; not to be sought 
in speculation. 227. 

Kreutine (Gr. kreas, flesh), elementa and 
properties of, 75. 

L. 

Lacteal vessels (Lat. milk), functions of the, 
«2. 106. 

Languages, orieiii and progress of, 194, 195. 

Lark, sonir of the, 211. 

Larynx (Gr. larynx, a whistle), anatomical 
structure of the, 173, 174 ; basement ring 
of (he, 175, 176; chink of the. 178 ; muscles 
of the. 179; dlflTerent theories respecting 
the, 182. 183; experiments on the, 1^ 
184. 185; of the ruminants and pacbyder- 
niata, 302; of birds, 205 et 409. 

Leaping of diflferent animals, 141, 143. 

Leech, locomotion of the, 13.3. 

Life, the phyitical and chemical changes 
which accompany, 59. 

Lignine (Lat. lignum, wood), properties of, 
76. 

Linnet, song of the. 213. 

Lion, larynx and voice of the, 304. 

Liquor sanguinis (Lat. the sanguiferous 
fluid). 86. 

Liver, on the structure and ilinctions of the, 
111. 113. 

Lizards, locomotion of. 137; larynx and 
voice of. 315. 

Lobster, its shell a skeleton, 80; circulation 
of blood in the. 102; locomotion of the, 
1.34 , iU sense of smell, 144. 

Locy)motion of different animals, 130 §t »Bf, 

Logarithms (Gr. lfigo$ and aritkmoo, a dis- 
course on numbers), great utility of, 31. 

Lunes (Lat. luna, the crescent moon), of 
Hippocratos, 19. 

Lungs, mechanism of the, 96; structure and 
functions of the, 113. 

Lvmph (Lat. Tympha, pure water), its pro- 
perty and uses, 94 ; probable origin of the, 
104. 

M. 

Mairnetism (Gr. magna, a magnet), science 

of, 32 ; properties of. 78. 
Magnitude, mathematical illustratloBt oi; 1& 
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MniffiitiK^iiii, tiirvi3hiear> ineiiiiiriertioat r>f Uy 
rtTiilrtH-lir. V-K 

]Vrri!|j'isrltiFlik hodji^^ of Llie kiiiripj. 1 19, 
MamuinLra, MaitiiiiQli, nr Mnninti fortius mil- 
iiiHlri (|,ai, mrtmnia,ft I rat), imtfrnmiiriii !>r 

HEiiEimry n]ift:irjiinfl oT tliu^ 1^4^ striisu nf 
tnuch in, liifl; thfir v<»ki*a, 301. 

5laii. dize^tivt] iiti|.inraliiJi uf, 61; principal 
iirqnitfl orcireuiaiirm jri,{)ti^ air iitiri?! mid 
liiiiiTi nf, 114; Mil; kyiipya hi. I'-Hi ; hiftac. 
limt in leQ];im^, 140; hii oi^nnaaf Vinc« 
A lid Hj^BE'cht IT-it iiiB nrgaits of smell. J45; 
inquiry iintiirnl in^ £27. 

Mil hi 1(1111 Me, wli^-re foil (id, 73; ita eiialBiico 
ji» itii^cmst i^r'tliecnritL 133. 

MaLtit,'iiia|ie^ {Gr. niarAemap karntnir}, (ffl- 
iiio ti ptrn t ivii \ir i i ic i pi p'S o f^ 13 ; ol Jecu cj f^ 
IB. irylhs itf, iH?(|.»"virlt!iit. *31: Inwa of^ 
iliff -fent ffoiii pJiyflicat ltiw% "iij : i(a irntlw 
ifitMitivM, tH^ jO ; demon^iraiJuns of, im- 
c&iB&ry truthit, !),%. 

M'-naiiremrni itT inaeCL'Dslltlif ht^i^lUi;, 21. 

]kMki4i'^[Lnt. medico, ta luttil). plty^ii»ln;rv 
till' Jiautliuaid uf, if^J-lt ^'^'^ ^^'^ tiuu^t guide 
ill 2;ij. 

Medunc. iheir Incomorivi^orians, 13J. 

JVl«iiihf4i.iiL'ii, aiiitiiAl, tiroiluce »amidti tfSfen 

MiiriihmnEHia: loiisnea^ vibrnlinff^ H-J^ 173. 
Mi Mil and mmli^r^ i«ii4Jajiiii Wvi \iuk lie 

twe*»ii, JfiO. 
Mineral nJiUirc, relatinii Df orj^anic nature 

irt, I a' I. na. 

ndinpralfl, phoiphorua deriveif from, 70 { po- 

tafshiLii (}(;nvL!tl Xroni, 1%. 
Mindralnity. va»rl l4ij{ii>rtatica of n cnrrect 

kiiiiwli.^l;i;(s nf, 37. 
MnltiL^rj {X^rM. mvtti$^ Bnn\ circutaiinn of ihe 

hlinjtj jiii, llJl ; ru»piratinii in, 117, 
MumenltiTii nnd velncUy. 30. 
Mnrtki-ya, larj'nJt fttid v^iicft iif llie, 20f 205. 
MfJlitin, i>n I he laws of. 25^, 2JK 
Miicmis iiieifibraiK^ (Lat. mtitasusj slimy), 85; 

F^fadog. nniiihn^d, I! 07 
MiilFt, hs Inryrix iini\ voice, 20*1. 
JKUficle (Or. mja/t, a iiiuficSe). on Lli« contrnc- 

tiun of ihfl (ibrpior, 77; effi'Cts Qfcoritrac^ 

lion. 7& i 1 wi> ki ndd of Miiisciirar LiRsiie, 77 ; 

toiiicily nf thi^ muBculnr fibre^ 79' ; iiinsrij. 

J*r texiUFH coTifflEliiiteid ajnrjje portion dT 

tlH) nnlmfll fratihf;, HU, 
Mtifie, InftrumRCitB uf, and timir vihraiin^nR, 

Jtftt; iiiiiiicBl rtrtiBs^ or ioundSt dJ«lincL 

rrom iitJiw?^ J70-l7-i; adaptation of liie 

Toipe lo, 101, 19^, 
Mycuieii (Gr. mtritno, to bawl), larynx and 

TFijEtf of Ihe^ 20Ji, 
Af^riopeilB (Or. myrio^t a inyriDd)» and pod'^.s, 

J^ai). r««piratioa io the, ilD. 

N. 

N.isal intimatinii of ihe vojc^, ift^. 
Natbirnl HisiDry^. alljed with lUif ileacriptiVo 

•rienres. 57; iniiiortance of the Btody of, 

37. 
Natural lawR, on the ignoraiicfi nf, 45 
NntiTilija [Lat. Jtavtn, a sailorly fable nf Ihe, 

Ifaiuentrtna lon^irottrls (Gr. n^Mdj a thread, 



and Lai. foji^h r{i,%irit, wilh lonfi hetkU), 

BiiGkiiit! trtb'^ ^if thr. 15^, 
N*?rvi?*.iilftjt;inre 4if The, 4*2. 
Ni?f*foiiP te?thin; of the am^mal ^ystem^TB; 

I wo nirrns of. veiicutiir and fldrtkiis, 77. 
Nqo rite 11 1 ma {Gr. ntvivMt a nerve, oiid hm- 

mn, a coniK ttj, 
Nivhtin^iilM «oo|e of the, aj2, 
Nitrna^iM; ffTr, Hifron, intre, ami LaL^nit^ 

to jfif^oprsiEes pnitK^rtif^s of, tsSL 
^fon-ve^t-LBiiva fmitttiotif, not ^rvenUal to 

lifts (14. 
Nudihrmicljiu*n (Lat. it mfiu, tiatctdi mud 

^r^JicAi'i'?, vi I F^)/rejipi ration in, 117* 
iVitmlH'r, properiiff^ of, intuitive^ 21. 
NuUiatcU, TiJice of ihe» 2 IS. 

0. 

Obtervatinn, fuUacioua without knowledMi 
49. 

OiF. a con3i]tij<»nt of ores n If bCMliei,75. 

OpJnjulid. prnfHSi^iail of 51 lil #«9. 

0|io«stnn. iti larynx and vniQK^ 404. 

i Jffll eaiml (Lai, oris, of itie moutla^, litua* 
lion of (he^ I8L 

On^anic l>nilie»(<ir. srffnnsK, an instruiiKnl 
by which «orm^ pr^tceiti j^carrii^ on), gene- 
ral fiineiiona of; ftS; flcniHnie of. 6t[ tttt^., 
ulljoiatt' NeilloTitS of the firpl order, 67 J i>f 
Uie st>c«nd order, 70; pro^inmli^ i^Nioent* 
of, 7:); ihr non azntize^d proximate eJe- 
miiniB of. 75 i the cliief eouiponeae tex- 
UiTM at. 70. 

Oij^aniit life, leading {ibjecta qoFincctcd witl!, 
VM; itsrt^laUon to itiineral nAini^, liS, 

Urpanic ntaiier diiTinvtiljihPff frnm inert, ii8; 
tratifliticio of inert matter into orKHiiie, 

Oreonic nniiirev diatjuiDJ^ion on, 57 at taq, 
Orijana, n»j>imilRtiv(}^ (>3. 
Ouf^o^ ootaii^, Inrjnx and voice of ihe.i;^05. 
Qw). its eyebalb, i,5il; jts eai-p, 1S3; voice 

ofihe, ^13, 
Di voicu of tlie, 302; red earpuaclet of Ha 

bJoEHf, 90. 
Oxygen (Gr, ojus, scrd. andjfmrvnd, loge-Bar- 

ate), propci'iioi of, iJ7; physical hiMOrj ot 

an atom of, \^% \m. 
Oiyuf jras, its trnimnoljitioni. 1^. 
OyMier, iia locainotivo powerit 14^, 

P. 

Pachyriermiiia (Gr, p^cAuj, thick^ and dltr- 

muin, Bkiiif), voices of Ih^ 202- 
Pancr^aii^. liquor (Gr. pan and cArfot^ all 

flesh V prnperlicB of the, 111, 
Parr, tlie^ identical with the fry of ■almOD, 

ay. 

Pflrrot tribe, voice of Ihe^ 211. 
Pa I ho logy (Gr. pnthoi and fof^ifs, a di^ourw 
nn di»eape)j pli>niuloey the hand -mi id of, 

Pi'ctinihranrhJata (Lat. ptttm, a comh, and 

hranckiir., ^i\\i%, TPflpirntion in, 117. 
PeiiffiiiOt locomotion of ihF^ l!ti, 
Porirardiiitn (Gr. jteit^ afonorf, and carMoy 

rhe b^^nrt), Ihe seroiin itienibrane of tba 

hearl. WO, 
Periionunrn {(5r. f *W, nronnd, and ian«, lo 

atretch), the frcroos mi^tobrane of the ahdo- 

nieui ^. 
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Fhnii!^plM>rfT« nir, ^A«w, lighl* ami /ftp, in 
Jj«sir>, |»rn|>i.f hue uf, 71); iJe rived fmiiL iiii- 

Thystcs (,Gr, pAjriii, iiiiture)^ various depart- 

mcMl^ of. :iL 
Fhysiiihi^y (Gr. pk^xU, nature, nnd togas, a. 
didc^nursek i;;eLier;il laws nT^ 34; important 
{jbjt^tji nft :i5 J fin thi^ cird«r jf*, 57 ; of «kti- 
pial nnd VL'iftrtt^bk liftiij a? c^ <afr (see pas- 
Aim) ; hs g (Altera I application in the cliief 
piiriioBi^^ of life, SJi! «£ aegt liie imnd maid 
oruiNdicrnCt 3i4 ; and iu truest KiJide^i^'lii ; 
design nianifkctE^ti in, ^24, Sid; a bymn Jn 
praifte tn Giwl, ,-28, 
Piffcopi, fed cnrptiscici nf it« Ulnnd, 90. 
PlHuetn;, aLtractinh b^iwe^ti Itifui and Ihe 
ffijn^ SP; cBils(! of llie caririL^uij^ar patJiuf 
Ibe, 53. 
Pi an If, an PJ^re^m^^nt exitslio^ between them 
and urkirnats, ^rip' di^tini,'ij|Eih)ed fl-orn am- 
majs, ^, !k!t; enpaf. I'JJ ; fowl of, 1^1 
Pleura (Gr. yttsuTpji^ n rib), the semuB uiem- 

eifj«ii€^ of the cli«9i, &;«. 
Pntlura iGr. /roi/A^, feet, and imfij a toil}, Jts 

action m Ittqj^tjrif, H^. 
Po|ynr>n (Gt. ^^im.^ manv, and ff^niu^ An an- 

gle>, illustfatirMjB Dfiiie, IU. 
Fopmlflr ermra^ 4 J. 

rt>rprMg«, Eary'ilgeQl flfgmna of I he, 301. 
rru^EMiiiijiii [from pot and uAj:^}, eltmc^nlE 

and pfoptTiif^a or. 7%, 
Poulp, uyeJ nf the, HG. 
Friti<;ipleBK |irnfi>gsiofi of, 5 1 *i **^, 
Fro |}ni linn, the great inilrmnetki oPabsLract 

■ciencQ, ^h 
Protf?ine (Gr. protas, flrat), diS^rcnt foruit of, 

73. 
Paychtjlci^y fCr. pf^fAr nnd %«, Pi disburse 
on ll1erltalrl>^ nr the noglji, lessen tiaj tn 
prvcrnrrtn oT Inni^iiaifc!, 30. 
Pulmonarf arFie^hniEleaPKi (Lnt. pMltno^ the 
Ittcigi, and Gr. aracAae, a guilder), rtiepira- 
tinn in, IIB. 
Pyrauiidsof Egypt^firat measured byThalesj 

Qundnin^nna (Lat. .^ua^npp, fViiir, nnifl Tnitaa, 
bairdii, laryiijE and vnicefl of The, 3(1^. 

QiindnjppdR (LftL fuafn^r. foiir.Mnd |rtf^««. 
fn^lj, loedxDoiiun of, HO; acuta smoll in, 



Ravea, foice of tbe, SI 3, 
Reason, a cnljcclive (irtwer. J St. 
Red cnrpifocka of ihp blond in man and dif- 
ferent antmala, fii^i, ^B, SQ-^UL 
Reiirodiicltnn^ func linns nf, M ; pmcewj nf. 
annlngniji \n a in ma la and vegeiablfi^t, 1^; 
^ In the aniinat kinadnni« ]^. 

I Rejrtil*. OP lJeptilp"» (Lat. rfpiiUi. crf^pine 

Atntiif). eirculattnti nflhe binnd in. nl^; pps- 
'l p^rnilnn in. il^\ Incotnntinn nH I3(i 137; 

I #mpll *n, 144; pyMnP, MS; IlK^rr )4eii«H of 

I h'^nrjnp. 1*3; th*?if BenFft nf toiich» IH; 

In ry nj( and vnice of I be', 215. 
, Rceipiraiinn fLat. ri»^ira/|g, cnnljniinoi 

brt^atbiat^X organa of, ]J3;^ mechanism nf, 



114^ in birda and djaenent Hitlntala, llS, 
1 in. 

l(}Mni>u>rni„ id larynx and ^oJce, SO^, 303. 
Kitiik, %oifeoftlie, SU, 
Ruiiunaniff (Lat. rMMiTia, to cfaflw Ibe cud), 
vokeaot; S03. ! 

Salmon, tba fry of, and Ibe Parr, id«nlica], 

3!>. 
SattB of I be blood, 93. 
Sjtnitary k^ifllalinn (Lat, «a«j£alj bealtli), 

necessi I y fur, ^2'i3. 
£^ap nf vegclablea, ISL. 
Barcnlenmna (Cir. tarx, Hesh, and Imma, n 

cc>at), 77. 
Schwanti, v^ bite auttita nee of. Si. 
ScioiiL'e (t^t. jcimtjfl, lb«f knti^vledgfl of 

tbiniffl), !>n the general ptir.f ipJea of, 13 ; 

BVKteniif of knowlfidee ibunded on, N; ira- 

lue of the tetni, \5. 
Science, aliEcirart, proporLion llie great In- 

Htrumi'Jit i^r, 9'2. 
Seeds, genu ijLfiti 1^1! of^ VlB. 
genial inii, ^sinlnjty "f, 159 ; t be link be 

iween mind and matter, IttO. 
SenaoB, fallucv of the, 4^^ 5tb 
3aiiB4>« nf aniiikalt), 143 «£ f«^ ; tmdli 143; 

«iitb[, \A^ \ ben ring, 151 ; tlicLr taste, IM ^ 

ibeir t^^iicb. 155. 
Bpmaa memlifanea (Lai. jnerifw. *bey), iha 

inner iriiiniliranei csfibe bofly^ 65. 
SerE^eiMB (Lot. tArpens^ creepiTip), dittinrtjoa 

between, ibe vehnmr>uB and the bartnleaft, 

39, 4fl; reapiratinn in. Ui'; locnmotioa of, 

VMS, \'Xr\ lerTettrflf of. IV»\\ liba of, 137; 

Ibeir aenfp of heafing, 153; iaryni and 

voire of. 215. 
&hpep, voice of the, 203 ► 
Shrew, ear of lli«, 154. 
Sijrhl, apoBo of, in varidua anrmala,, 145. 
ailiEOn (Lat. «/*!> flint), prnperiifea of, 71. 
Singing, proilucod by Buffespive notes of tba 

vfJice, 1R9; tftrnpa?* of the voice in, 1^, 

I^K!; cdugufl of failure in, 193, afblrdStSOft 

Skvlnrk, song of the, 311. 

SiiihII, senaf! nf, in vprioijH animaTp, 143-145. 

ScKfinm iGnr. »odA. gla^-worl), elvnienla and 

prnpertJPi of. 79 . 
Soil, on the eniiiinnnl reneival oT 23L 
Sound, sources of, Iii8; nni merely & vibm- 

lion nf air. H(8: velocity rsf, 169; a inuai* 

fu! on« diailnci ffom a noise, 170 ITS. 
Soundia, rf|ir<aeniaiif»n of, by symbola, 195; 

conventinn nf vnlcu inio^ IM, lOli; of con- 

annnnt*. 197, 
Speech, one of tbe principal fhundnlinita of 

man^B prn«rp*tt 1H7: organs of, 173, 107 1 

Ibe poteniiality ormaa'i ioielligencti, JMj 

bii^tnrical progreFi> of, 194, 195< 
^ppTies, oti Iht" indefinite coiui nuance of, 

Bpjdj?rfl, rirrutMion of ibe blood in, 103; lo- 

cnmotion nf^ K13. 
Sintiinieriiiff, cau«ei of, 109; remedy, IKI, 

BtarEth, its general pr evalenci* and iim. 70. 
Siaitstica. an impuriiint branch of know* 

ledire, 34>[ fallaciea of the age counecLed 

iwiili, itJ. 
Stomach (Gr. siam^hos, tbe bqlly}. die«itiy« 
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appqriiiufl of ilie, til ; ehjinget efll-eled by 

I lie gaetric juki'S i» tin?, 1 Hi. 
Sutfihur, eleiuentB flnd prripertiea of, 7% 
Supreme [mf;lki{;eiice, n<i the belief »f A » 53 
fiiirifiAiii KprHt.sifiiu^arJty of itsEye bullj H9. 
By ill bole, suiittdtt rtpreieniel by. IB5, 
S} no via I nieMtbraii.e iifi^ joint (Gr Mum, 

witli, atid «<fit, an egg), Sa. 

T. 
Ta^te. seme nf. in Turjokis anlmalit J54 ; the 

Jill metli ace instruifieiK* nf, J 55, 
Tect i bronchi A ta (Lat. ifciM*, covered, *pd 

i^raiirJkia, f;i\\B\ rcipirtLiDri I ft iiie, 111. 
Telpolopy (^Gf. i*i*f nad f^jfMj "► dlicourae on 

final rau»eB), true ^rrfunidfl nf, 5tf. 
Tenures in Itw Biiiniiil klfigiiom—iha nma- 

cular, nervoiiiF, and RlamentAii^ 7(S- 
TlraJoft first meflBUrei the gre^t pyraoiHl of 

Tli[ira»ric duel fCr^ tkarat, the brfait)^ 63; 

coursi aad lermtnation nf iliSj €3- 
T bought, a vagae terai, Itji; control led hy 

cducaiinn, I^B. ^ 

Thrush, anof or tha^ ill- ^ 
TiE*?r, larynx ind voica of iTie, 2W. 
Tijdtl, Df., hi^ aplnioH on the aliEnantary 

fa fictions, ml, J UP. 
Tonicity {<&<[. fa km, tone), a proppi ly of Ihe 

niujN- alar fibre. TEI. 
Toueli, aen^ of, >o varimift animali. 155. 
Tfflthe* (Gr^ tracAaj. rough), tha wind pipe, 

177. 
TracheftTwati smdinidpAin fGr (ractea, the 

wind pipe, and Antahne. a spider), respira- 

lion ia, lis. 
Triangle, riirlrtanpled (Lat. iria mngit-ta, 

thfofl Bngks)^ properties oflba 16. 
TriaagliM, equivalence of. 18* 
TriiOnonjclry [tir. iria., Hiree. g0nin, en an- 

K'le, atid microti, ■ meaBarel. rul«s c^f Ap- 
plied l(t the iiiea»t»reaieni of hetghlt, ^4. 
Traihw. wiiicU utu aatf-evideiii, 5a. 
Tunica vairliialia (Lat. tmitiea, a lunic, (ind 

t0fiia<i A Bhea^i), LiK Mtmm* membrane 

of Lhe t*jBlicte Sti. 

U, 

TJrea ^LaL uHna, urine), elententsi and pro- 
perl ie» of, 7^. 120. 

(fric add, elements aad properliej of, 75, llSO. 

Uriaary Hecferirtn, 130, 

t/iliiifi ^Lat. itWiu), conitity«ntfl and prdjier- 
pertiea ofj tSO^ ISL 



Vefntitible Uliijtdoin, on rnprndnrtian fa Ifce, 
yi7x germiniiiioh jii ibe, rJS; cbemical 
chunir^ in the, i:H>, 

Vefelable life^ on llie ptiyilology of^ 57 it 

Vegetahles, aap nnSI ; food of, 132. 
Vegetative Pmciions, GL ; digestion, lecre* 

tton. and einrfilioa, 64^ table of, ftS. 
Venous hl<K>d, reuovaiion ef the, lOfl, itm. 
VentriloquiBm (Lat vcnUr, ibe belly, and 

IfMfuor^ toapeaJth fatally of, ja8, lfl9, 
Vastclet, fat, atsuming the piMyJtadral fw/ra, 

VejiirulJir nervflua matter (Lat. veiifo, toe 
bladder), fl0-«3. 

Vili (Lat. eiWas. ft hair), tlie procesixii » 
cattPd, 107. 

Vital fuuclions, three ao tailed. IH. 

Voice, phyeiology of the, lii7 ; sharper in Ihft ] 
open air, im; organs of the. in man. 173; 
iliiiSftrfaiioiL on the, \B\ et ftq.] diflff^rent 
tlK^orifii on the, I&3* cormiiared with llM 
pipe of an nrenn. JfiS; reteived t binary of 
ttie,, ]H3; object inns to the tnic theory of 
the, iSG * tlie Of^ani of. combine the pro- 
ppritei of various innrafneatB, 189: com- J 
pni"8 of the, 189; djfference bfltWRen t\m i 
male and female, IIKI: naral inionailAnor 
thfl, tnS; *IB streniieth dopendi* on the Vfl- 
cal cords. lifES, 1^3 1 rnnseAni fnilure ia Iha ] 
perfecEness of the notes of I lie, J 93; coa- 
voried intn vowf I son aits. li\(i i compnri- 
tive phyiioloey of. 900; f>f nmmmals, fnl; , 
of various animals, ffiiii et teg : of ntrnj- 
naats and pachyderuiata, StbJ ; of birdi* 

Vowel »uLinds converaioa of voice into, IS^ j 

W, 

Whale, tnil of the, 13»: its eycj 15L 

WhJBtline. rnofti^i nf, Ifla. 

Wind. pipe, annlomita] sinicture of lh«. ITl J 

et»c^,', of ilje niininaaiB and pacliydef- 

mnta, 30^ ; nf birds. ^Iti tt Miq. 
Wood lark, song of t lie, 211. 
Wood pel ker, voire of the. ^H* 
Wr^iiack, vqUx of Hie, 315. 

Z. 

Zoology (Gr. tMx and log-o*, a diicnurB« on 
animals), utilitj of Ihe knowl^KC of. 36- 
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In'tbiB work the author has displayed the same prttcent investigation ofhiato- 
Heal facts, depth of rcaearch, and quick appreciation of character which have 
rendered hit previous volumes bo deaervedJj papuhr« Though the ** Lives of 
the Chancellor" embrace along line of illustrioiiB peraoneigeB intimately con- 
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great uttractiou for the stutlent of history and the genera] reader* 
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deiirea to obtain an ac qua! ma nee with the eouBtiiuiional hisiory of bin eouiitry, or as- 
pires lo the rank of either a staie4man or a lawyer. Fi^w lawyers of Lord Camf<botri 
eminence coulil have produced sueb a work as lie ha» put forib- f^ouc but lawFSrs of 
his experieiice and ani<nrenienis eowtd bave eompiled a work combiniine^the same in- 
tereat mn a narration. I u the puNic KoneriillyT wiih tliH Kam«i aiiiount of practical iiiJbr* 
mation. for pmfessional sspiraiils inor« particidarly.— JiVirdnnta, 
1 
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BLANCHAE.0 & LEA'S FUBIACATlONS.—iMisrgll^n.Bou3.} 



THE ENG7CL0P1EDIA AMERICANA; 

A POPULAR DICTIONAKY OF ARTS, SCIENCES, LITERATUR6, HIS«| 
TORY, POLITICS, AND BIOGRAPHY. 
In fourtQan large dct^ro volameB oCovet 600 double^colnmaed pages eachi 
For sale Tery low, in Tunouii styles of binding. 

Some joars having elapsed aince the origina.1 thirteen volumes of the EINCV-1 
CLOP^DIA AMERICANA were published, to bring it up to the present day, J 
with the hiBtory of that period, at the request of oumeroua aubacnborsj the pub-l 
lifibers have issued a 

SUPPLEMENTARY VOLUME (THE FOURTEENTH), 

SRinraiNO tan WOSK TI10ftDlTOHI.T w* 

Edited by HENRY YETHAKE, LL. D, 

In one large octavo Tolumej of over 650 double-col unjned pages, whlcJi may b#l 
bad sepa-raiely J to complete set*. 



MURRAY'S ENCYCLOPi^DrA OF GEOGRAPHY, 

THE ENCYCLOPjEDIA OF GEOGRAPHY, comprising a Complete Uescriptioul 
of the Earthy physical J *StatiBtJcal, Civil, and Political j exhibiting its Rola^J 
lion to the Heavenly Bodies, its Physical Structure, The Natural Hiatory of 
each Country, and the Industry, Commerce, Political Institutions, and Civil 
and Social Stute of all Nations, Ry Husk Mushay, F* R. S, E., &c, Asslated 1 
in Rotany, by Profeaaor Hooker — Zoology, &c*, by W* W- S wainGon — AatronO'^ 
my, fee, by Professor Wallace — Geology, &c., by Professor jB.ttiesoUp Re-*l 
Tiaed, with Additions, by Thom,*u G. BBADFonD. The whole bronghl up, by{ 
a Supplement, to 1843. In three large octiivo volumes various styles of^ 
binding. 

This great worlft furniAlied at a remarkably ebeap rate} contnins abaut Nttomsa 
HirNDflEiD i.AHGK Impshial Pageb^ EHii Lft Ittujitraied hy Eighty-two SMALL Maps, and a 
colored Map o? the United States, after Tart nei 'b^ loge the r witli about Klsteji Huuf* ' 
HESD WooU'tuTss executed in liiK bufli aijle. 



YOUATT AND SKINNER ON THE HORSE. 

THE HORSE. 

BY WILLIAM YOUATT. 

TOOETHII^a WITH A OENEAAL HISTOBV Of TUT. HORSE, , A mSSEHTATION OS TUB I 

AMERICAN THOTTINO HOJlSt: f HOW TRAINED AND JOCKEYED ; AJU ACCOUNT 

OJT HI9 KEKA3KABLE PERF0R«ANCES; AND AJf EiSSAT ON Tll£ 

ASS ANi> THE KULE. 

BY J. S, SlilNNEK, 
Assistant Foatmaeter'Ganeral^ aad Ediiof of ihe Turf RegtsLor 

This edUJon of Yauall^i well-knowT], End Eland ard work on ihe Mnnagementj Bti-I 
eaiteB^ and Tj^slmenlortlie Horse, eml)od> ihk tiie vh3 jiible addiiioiisorMr SkiiiiieT, ha4 J 
already oblamed auctiawide circuiaUon Lhrou^tiput ihe country^ that ihe PubbftlidriJ 
nfl«d say oodking lo atuart io ii ihe alleutiou and noiitidanue oT all who keep U^^Ofi oe J 
are jjilereslcd iu ihtiir improvement, ^ 



YOUATT AND LEWIS ON THE DOG. 

THE DOG, By WitliBTn Yoaatl. Edited by E. J. Lewis, M. D. With nnnierous sad] 
bffnutifal iiiusiT&iioaa. In one v'aiy haadsome vol urns, crown Svo.^ criuison ol^Jib, gilli 



NEW AND IMPROVED EDITION, 

LIVES OF THE QUEEHS OF ENGLAND, 

FROM THE NORMAN CONQ^UESIV 

WITH ANECDOTES OF THEIR COURTS, 

How fli*t pubilihed from Official Becoidsp and otliK- At^Oiontie Documents, Pdvat* 
as well as Fablic. 

HEW EDITIOWj WITH ADDITIOJTH A WD COBuB^ECTIOrTB. 

BY AGNES STEIOKLAm). 

tn six Tolumesj orown octavo, extra c rim bo a cloth, or half moroccoi printed o« 

fine paper a^nd large type* 
€&pi€9 of the IMtio^ecimo Edtiion^ in twelve voiumeVf ntatf ***'' &ff had. 

A valeiable CDTitribution to ht^torjcal ktrtcw^kd f^e, lo yottng^ person !?i especlalil y. ll con- 
i&inB a. mass afavsTy Jfind Drhi&ioricaL matier dC LntereaL. which indu&iry and reeourcQ 
could colJecl, W& havB derived miick eQleriaininent and inaLructicji frum this work.— 

Ttia tti>"cmiori of ihb wort is equal lo the conception. Great pains have boon taken 
10 make k Uoih idCereeilrig and yaluabte. — Literary GazftU. 
A cliarcnJDg work— full of iiilcresli ai oncrt s<eriou» aad pl^aiiag.-- Matisteur Ou^ot. 

To be liad Bepai-ate. 



LIVES OF THE QUEENS OF HENRY VHI, and of hii mother, Elizibeth 
ofYtirk. By Mia? Strickland. Complete in one haJii^s^me crown octavo 
Tolume, extra cloth* (Just Issued.) 



MEMOIRS OF ELIZABETH, Second Queen Regnant of England and Ireland. 
By Miea Strickland* Complete m one handsome crcwa octavo folome, exim 
cloth. {Just I^^aed.) 



(NOW HEADY.} 

HISTORY OF OI-IVER CROMWELL 
AND THE ENGLISH COSaONWEAtTH, 

From the Biecutioii of Char lea I, to the Death of Cromwell. 

BY M. GUIZOT, 

Tkajjalated by ANDREW E. SCOBLE. 

In two large and handsome rojal 12mo, volumeB, extra cloth. 



(JUST ISSUED.) 



MEMORIAtS AND CORRESPONDENCE 



OP 



CHAHLES JAMES FOX. 

Edited by LORD JOHN RUSSELL. 
Id two Terj handsome volomes, royal iSmo., eilra cloth. 



(JUST READY.) 

WISE SAWS AND MODERIT mSTANGES, 

BY THE AUTHOK OF SAM SLICK, 
In Qne royal l2mo. volume. 



4 pLANCHARD fe LEA^S FJ}BJACATlOKS.~(Ednf^tionaI iVDrh.) 



A NEW TEST-BOOK ON HATUBJkJL PHILOSOPHY, 

HANDBOOKS 

OF NATURAL PHiLOSOPHY AND ASTRONOMIT. 

BY DIONYSIUS LARDNER, LL.D., ETC. 
Methaniei^ Qydrostaticsj Hydraulics, Fncuni^ticS} Sound, and Optifs, 

1b oae large royal 1 2m o, volume of 7o0 pagesj strongTy bound in leather, wiU 
OTfir 400 wood-cuta, (Juil I«BiipdO — 

THU SBCOIiD COUKSKj enkbriicliiff 

HEAT, MAGNETISS, ELECTRICITY, AMD GALVANISM, 

or about 40€ page§, and illustrated wUb 250 cuti, ia now ready. 

the: third COURliS, cont&lnlng^ 

METEOROLOGY AND ASTFLONOMYj 

Of nearly 800 pag^es, with: 37 platM, and over 200 w&od-^iita, ii mm ready. 

The iTilemion of thff author has been lo prepare a work which pbouJd embrace the 
pTintiples af NaiuraJ: Philosophy, in iheiT iale&l stale of.&cienti&e deveEopmenL <Jivetted 
of (he abslruseue&i which rendt^rs ihein unfitted for ihe younger filadent, oiid ai the 9Rmtf 
lima illu^traied by numemn? praciicnl applicationi in e¥ery branch of art and science* 
Dr. Lardiitr's exteueive acquireoiBnta in nil depanmcnlsof hmnan kiiowledfre, and liU i 
well' known sIfiJI in popular ijcl [3^ bis subject, have thiia eiiubled hiia to present a teil< 
book whtchr though BirJcily Bcieniific in us croondworkj is yei en&ily majsiered by Uie | 
■mdem, while calculated \a in tore ei the mind^ and awaken the aiteuiion by Ehowini^ the 
importaiiec of the principiei discussed, and she manner in which ibtiy may be made 
j^uh&ervient to the pracll'eal purposes of life. To acGom|]liith Uii# slill further^ ih^ ediior 
has added to each section h series of exanipleB^ lo be worked out by ibe learner. Uiui 
impressing upon him the practical imponaaco and variety of th« results lo be obtained 
from, the general laws of nature. Thefiutfject \s still further pimplifiad hy ihe very largs 
number of iliuntmtive woodcuts which are scatlercij through the volumtiH making ptaiit 
lo the eye what nn^hi not readily be mrasped by the unassisied mind ; and every caro 
baa been iaken to render the typopaphicnl accuracy nf ihe work what it should be. 

Although the first portion oitiy has been issued, and tliat but for a few moEithtt, yet i\ 
has already been adopted by many academies and colleges of the blithest j-tandinp tinti 
character. A few of the numerotis lecoinmeudations with which the work hoa bees 
ikvored are subjoined. 

From* Prof, MtUmgtimi Univ. tifMississtppi, April ID^ liSS, 
I am highly plca^^ed with its contents and arrnnri^cment. It contains a {greater number 
of every day U3*^ful practical fact* and examples thau I have ever seen noticed in a 
similar work^ and I do not hesiiate to say that as a book for leaching I prefer it to any 
other of the samw si7e and extent that I am ftcquaiuted wiih. During tbe thirteen yean 
that I was at William acid Mary College i had to teach Natural Phi^osophyjand I ahould 
have been very glad to have aueh a lexl-book. 

Frjwt Edmund Smithy Buliim^tf May Ifl^ l^S. 
I have a ela«a uaing it, and think it tbe best book of the kind with which I am ac> 
qnaiuted. 

From Ftqf^ C^kveland^ FhrtadelFhia^ October 17^ lS5l. 
T feel prepared lo say that it h the fullest and most valuable manonl upon the sab}ect 
that has falien utide/ my notice, andi I intend to make it the text book for the £rat cLa«i 
in my Bchooi. 

From S. SchooltTj H&itufver Academy, Ya,. 
TTie " Handbooks'^ sf em to me the beet popular treatises on their respectivB aabjecli 
with which 1 am actpaaimed. Dr. Lardner eeriainly populftri?-es science very well, uid 
b good le^t-book for icliools and colleges was not before in existence. 

From Frtf. J. S. Henders^n^ Farmef^i €oiUs*i O., Feb. 18, IBfia. 
Tt in an admirable work, anil: well worthy of public p^atronagfl. For clearnesa and 
fitlness it i« uneq nailed by any that I have leeii. 
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NEW AND IMPHOVEB EDITION.— (Now Ready.) 

OTTTLINBS OF ASTRONOMY. 

BY sm jonjsr f. w, UERScnEL, f. r. s., &c, 

A ITEW AJS£B:iCAl!f FHOBt THX FOURTli XOnpOK HPJTION. 

In one T«T7 n^t ciown octavo Yolumej extrct dotli^ with sii platei und dq- 
meroua wo<)d-eiitfl. 

ThiB edition will be fiound thoroughly brought up to the prceent atata of a«- 
tronomicfll icience, with the moat recent iavestigatioaa mud discoTeriea fijJiy 
difiCUBsed and explained. 

We now lake leave of itiiB reTnarkoble wcrkf ^which wa hold lo bet beyond a doubt, 
Ihe i^reaieft and most remarkabk< of Iho worha in which the liiw^of aeiironamy andihe 
dptTnarmiCA oftlie hc^avena are described id LhD»e who are nol maiJiemaiician^ nor ob- 
aerverft, and recalCed lo ihone who are. ll lb ihe revirtifd of men who cart descend from; 
the advaiicei^ent ofknowledge lo t&tb Ibr Ufl diffuBion^ tliat Lheir works are ts^ieniial 
to aM. thai ihvy become ihe pxenual^of the pro&cient ai weJl aathe texL-bookBaf the 
learneT-— ^AmtsMm. 

Tbflre ■« perhapH no book in ihe Knglish Imnifuage on the subject which, whllmt it con- 
Uiiis Eo many of the faeta of Anirotiomy (which u ntl«mpt« to ejcprdiu with a« lilUe l«ch* 
nicaJ (angua^P m pos«ibleK is bo aitracUve in iia style, i^nd bo cl«ar and forcible In its 
jHuftrniioiH.-' Et^angtlicai Review. 

rrobabJy no book ever wriuiin upon any science. embrnceB wUhin *o «matl a compaBS 
an fiOiire epiioine of wer^nhing known wjihio all iu varions deparltneais^ pracLical, 
tbeorelicnU, and physical.— ^3:aw?ia#r, 



A TREATISE ON OPTICS. 

BY Sm DAVID BREWSTER, LL. D., F.R.S., &o. 
A NEW EDITION. 

AN AfFENBtX, COHTAIHINO AIT ELElMEIITAItY VIEW OF THE APFLlCATlOiT 
OF A If ALTS JS TO REFLECTIOH AM> BEFR ACTIO Jl» 

BY A. D. BACHE, Superintendent U S. Coast Survey^ &c. 
In one neat duodecimo volume^ h^IfbouDdj with about SOO iJltiitratioai^ 



boIjIHAR's frx;]¥€II series. 

New editiODB of tho following works, bj A. Bolma».j fofmiog a complete 
icnefl for the acquisition of the French language: — 

LEVIZAC'S THEORETICAL AND PRACTICAL CRAMMAU OF TUE 
FRENCH LANGUAGE. With oumeroun Corrections apd Improyementi j 
a complete Treatise oa the Nouns aad all the Verbs, by A. Belmaf* In one 
volume, l2mo. 

A SELECTION OF ONE HUNDRED PERRIN^-S FABLES, Mcompanied by 
a KcVt conminln^ the text* a lilera! and free tmnBtaiioit, arran^ud in puch a manner as 
to poitil outlbe di0e/e]icc between tho French and English Idiooij &o. In ono vol.t^mo. 

A COLLECTION OF COLLOQUIAL PHRASES, on every topic necessary to 
maintain coiLver«alion. Arranged under djflerent heads, with nuinerau^ remark^ on 
the iiecutiar pronaaclalion and tisei of various wordu ; the whole so djsfioaed tyf^ con- 
siderably lo facilitate the acqniBition of n correct pronuncimtion of the Firench. In 
one vol. ISmo. 

LES AVENTURES DE TELEMAQUE^ PAR FENELON, in one YoL lamo., 
iicconapanied by a K«y m ihts first nlfhL tHMikii, In one voE. ISmn^r eoniaming, lilcc^ ihe 
Fables, die Ten, a liicral and free irauiiaiion, iiiteiidod hi a sequel to the FiibJeaK 
Either Tolome told teparalelyn 

ALL THE FRENCH VERBS, both regular and irregular^ in a sraall Tolnme. 
1* 



G BLANCILUiD & LllA'S TVBMCAi:m^S.^iEdH&iti&imi Warh.) 



ELEMENTS OF NATURAL PHILOSOPHY; 

BE IN 5 

AN JlXPERIMEirrAL INTRODUCTION TO THE PHYSICAL SCIENCE3*J 
Illustrated -vrltli. o^^«r Xlu-ee HtLttdrcd "HTood-cBtfl, 

BY GOLDING BIRD, M/D., 

Aeeiemnt PiiyaicLan to Hay^s Hoipiml. 

From tfao Third Londoa edition. In one neat volume j royal 12mo. 

Wfl afe aftlonish^d to Und tliat there h room in bo tmatl a book for even Uie bars J 
reoltal of 90 ranny subjectft. Where ever^ihin^ is treated iuccint^UyT great judgment | 
and inueh Lima ate needed in makine^ a eel en no 11 and wiiinawiug ihft wheat from ihs I 
chafl"^ Pr- Bird has no need to plead tkie peciiHnrJtjr of hin position aa a shield againtt j 
criiioiem, ea long as hia book contiaue» to be ihe beat epicome in tha Englisb laii" j 
guage of ibl» wide range of phy&ical itibjecis,— JVortA ^ji£rican Eti^igw^ April i^ LSSi. 

Ffflw Fro/. John JohnxtofLj WetUyan Univ.^ MTiddUiown^ Cl 
For ihoifl df^Erin^ aa ejcLenaiva a work| I think h decidedly aijperior to aayifaing df 1 
ihs kind wiib whieb I am acquainted. * 

From Pref. R, O. Cumy^ Sasi Tenneisa Umt^efiity^ 
1 sni much gratified in pcrueing n work wbieh fo weJl, fd fuHy. and ao clearly f^tt 1 
forth thifl branch of the Natural Sciences^ For some lime I have beun de^iraaa of ob- 
taining a subalitLite for the one now u&cj— ocie which should rrnhraca thti recemdifl- j 
covcri^fl in the ^ience^, and 1 can truly s^y thai such a one is aibrded in ^M& wofk of I 
Dr. Bird'i* 

From Fto/. W. F* Hopkins, Masanit: Universtiy^ Ttnn. 
It IE Jnirt l^c sort of tiook I think needed in KO^it colleges, being far above th« rank of I 
a mere popular work, and yet not beyond tbe ootuprebeniioii o/alJ but tha most aueoioa* \ 
pbahed matliemaiiDiana. 



ELEMENTARY CHEMISTRY; 

THEORETICAL AND PRACTICAL, 

BY GEORGE FOWNES, Ph.D., 

Cbeioied Lecturer in the Middlesejc HaJ>pital Medical Sebool, &c. &c* 

mre NUMEROUS IIsLUSTEATIONS. 

Third American, from a late London edition. Edited, with AddiCiont, 

BY KOBERT BRIDGES, M.3., 

Frofe&tor of Cengrftl and Pharmnizenlicftl Chemistry in the Pliiladelpbla 
Ckiillege of Fbarmacyj Jtc* A^c. 

In one large royal l3mo, vduracj of over five hundred page^j with about ISff 
wood-ctitBj sheep or €3£ira cJoth, 

The work of Br, Fownea hns long been before the pablic^ and ha mcnli! have beea i 
fuliy appreciated as the best lest boak on Cheminry now in eii^toiice. We do aoi, al i 
Gour^e^ place it la a rank superior to the work« of llraniie, GrahtLUi, Torntrj Gregory, f 
or Gmelin, but we say that^ a$ a work for atndents^ il is preferable to ajiy oftbera* — Lffrt- 
doti Journal of Medkinn. 

We know of no treatise so well calculated to aid the student in becoming famitiirl 
with the mumeioiifl facts in ihe science on which it trealB,oTone better calculated at I 
& lexi'boDJc for ihofle attendiiLg Chemical fjeclures, * * * * The be»l iexl-buok on Chs- J 
mistry that has iaaued from our prejis. — ATiierUan M^d. Journal. 1 

We know of none within tlie »ame limiii, Which haa kigher ctaima to our confidenefl 1 
as a college etasn^book} both tor accaraicy of detail and sciuntiilc arrBDgbmem.— j1u«^ | 
guiia Med, Journai, 



ELEMENTS OF PHYSIOS. 

OR, NATURAL PHILOSOPHY, GENERAL AND MEDICAL. Written for rani* ! 
v&rsaL uee^ in plain, or no ti- lech deal language By N^ill Anj40tT| M.D. In ona j 
oetavo volume} wiih about two hundred lltniiratlona. 




PHYSICAL GEOGRAPHY. 

BY MARY SOMERVILLE, 

it ^'EW AMERICAN FROM THE LAST AI^D RETISEH LONDON EDITION* 
WITH AMERICAN NOTES, GLOSSARY, ETC. 

BT W. S. W, EUSCnENBERGERp M. D., U, S, N. 

Iq aut neat royal iSmo. volum^^j extra cloth^ of over fivQ hundred ajid dflypagei* 

The great ituccess of this work* and Ha imraduclion into many of our hi irher schooTA 
mnd Rcademif^B, have induced Lho publisherd lo prepare a new Qnd much improved 
ediiian. In addition lo ihe correclionfl and iraprovemenu of (he author bellowed on 
the work in ilB [tasBagei 1hrnti};h ihe preM a eecond time in London^ noies have^ been 
iplroduced lo ftdapl il more iaUy lo the pliynieal poi^raphy of thin couniry ; and a 
comprebeti^ive gloiseary hai been ndded, renderhig uie volLuAa more parUcularly suited 
10 educaiinnal purposes. 

Ouf praiRe coTnea lagging in the rear* ansJ It well nigh fluperfl until. Bui w* am 
anxiptia to Tedommend to otjr youlh Ihe eiiliifged method of eiudyin^ gcop-aphy which 
htr pre Bent work demansiraiea in be as captivalmg aa it Is instructive. We hold 
taeh preaeiiiB «<» Mrs. @omer¥i]le has be£tow«d upon ihe public, lo be of incalcuL^blB 
Talacs di?semj[iaiiiig more ?ound information than all the liierary and eelenljfic Inwti* 
tuiiona wilt acconLpiish bi a whole eycle of iheir R^\A\einic.—Biai:kmood''s Magazine, 
From Lien tf nam Mnury^ V. Sr N. 

Naiional ObeeTvatoryj Washington* Ju»t^, 1B53. 

I tbanl£ you for the " Pbyaical Geography;" it is cap J tab 1 have been reading it. atid 
Uke it totnucih that I have made it a Bebool-booli for my children, whom I am teaching. 
There isjti my opinioiif no work upon thatiaterei^ling sQbjeeton whieh It treats— Pbyaical 
Geography— that wotild mak« a better lexi-boolr in our gcliools and colleges- 1 hope it 
wiil (je adopted as auch geueraliy, for yon have Americanized it and improved H in other 
respec i*. l[oura, i ml y , 

M. F, MAITRY. 
Dr. W- 8* W, RiTscBENBEBaxB, U. ^ N,, 
Philadelphia. 

FTam Thomas Shirwin, ^gh SchaoL Boston. 

I hold it in the highest estimation, and am cotiudent that it will provfl a very eMcient 
aid in the education of ihe> young, and a »>iirce of much intcresl ami inatruction to th« 
adult reader. 

prom ErasttiS Mverett, High Sckml^ Nfw Orlaans. 

1 have e:tnmined it with a good deal of' care, and am glad to find that it e^upplles an lin- 
l^ortRnl desideratum. The whole work ia a maBierpiece^ Whether we examine the 
importance of the e.ubjt!Clii treatcdnOr the elegant sn<i attractive sijlein whi*;h they afe 
preseiittid, ttiie work leaves nothing lo deaire. I have inLrodkiced it into my school for 
the uBe of an advanced class in geography, and they are greatly intereated in it. I hartt 
no doubt (hat it will be used ia moat of nur higbfiir seminaries. 



JOHNSTOITS PHYSICAI. ATLAS, 

THE PHYSICAL ATLAS 

OF NATURAL PHENOMENA. 

FOR THE USE OF COLLEGES, ACADEMIES, AND FAMILIES. 

BY ALEXANDER KEITH JOHNSTON, F. R. G. S., F, G, S. 

Ia ono large volumo, impedal quarto, hardaomely and atrongly bnund. Witt 

twenty-aix phtes, cngrMved and colored in the best atyle. Together 

with one hundred and twelvepagt^aorDpacHptive Letter-preaflj 

and a very copiQUa litdei. ^ 

A work which ahonld be in every family and every scbno?-ri>on>, for coniullatlnn and 
TeftfTcnee. By the ingenious arrangement adopted by the author, at makes clear to tha 
eye every fact and oi>aef vaiioiii relative lo the pfei:cnt condiiion of the earth, arranged 
under the deparlraenls of Geology', Hydrography,, Meteorotogy, and Natural History. 
The letter-press illqatratea this with a body of important in(l!>rmation, nowhere elee io 
he found condensed intu the same »paee, while a very ftili Iiidejc rendera the wholo 
eitay bf reference. 




SCHMITZ AND ZUMPT'S CLASSICAL SEHUJS, 

Under this litlc Bi^anchard & L^a. are piiblishing si series of Latin Selioo!* 1 
Books^ edited by those dktinguiahed scimkrs and critics, Leon bard Scbmltx] 
and C* G. Zumpt, The ohjccl of the eerice is to present a course of aceuralo J 
te^fts, revised Jn accordance with the latest inveHtigationB and MSS., and ihe 
tnost approTed principles of modern cntioismj as well as the necessary ej erne nt- 
ary booksj arranged on the heel system of modem inairuction. The former are 
accompanied with notes and iliustrationa introducod aparinglyj avoiding on the 
oDe hand the error ofoverburdening^ the work with commentary, tnd on the other . 
that of ieaving the student entJrely to bis own resources. The toain ol^ject hail 
been to awaken the scholar^s mind to a sense of the beauties and peculiarities I 
of his author^, to assist him where assistance Is necessaryj and to lead him t^l 
think and to investifj^ate for himself For tbts purpose maps and other en*l 
graviugs are given wherever t)Bofui, and each author Is accompanied with a| 
hiographicaJ and critical sketch. The form in which the volumes are print&d] 
is neat and convenient, while it admits of their being srdd at prices unpr^kl 
cedentedlj low, thus plncing^ them within the reach of many to whom the co«t j 
of classical works has hitherto proved a bar to this department of education 1 1 
while the whole series heing arranged on one definite and uniform plan, enabled | 
the teacher to carry forward his student from the rudiments of the languag* I 
without the annoyatice and interruption caused by the necessity of uning text-J 
books founded on varying and conflicting syatema of study, 

CT.ASSICAI. TEXTS PUBOSHED IN THIS SERIES. 

I. CJESARIS DE BELLO GALLICO LIBRI IV., 1 voK royal iSmo,, eitri ] 
eloth, 232 p^ges, with a Map, price 50 cents. 

TL C,C. SALLUSTTI CATILINA ET JUGURTHA, I toK royal l8mo., extra j 
cloLh, 168 pages, with 4 Map, price 50 cents. 

IIL P, OVIDII NASONtS CARMINA SELECTA* 1 vol. royal ISioo., eitm 
cloth^ 246 pages, price 60 cents. 

IV. P. VIRGLLII MARONIS CARMINA, 1 vol. royal iSroo., esitra cloth, 43S | 
pages, price 75 conta. 

V. Q. HORATII FLACCI CARMINA EXCERPTA, 1 vol. royal lBmo,j oitr* I 

cloth, 312^ pages, price €0 cents, 

VI. Q. CURTII RUFI DE ALEXANDRI MAGffI QVM SUPERSUNT, J 
vol* royal iSmo,, estra cloth, 326 pages, with a Map, price 70 cents, 

VII. T. LIVTI PATAVINI HISTORIARUM LIBRI 1., IL, XXI., XXIL, 1 i 
voL royaJ ISmo.^ ex. cloth, 350 piiges, with two colored Maps, price 70 cett la. 

VIIL M. T. CICERONIS ORATIONES SELECTS XII., 1 vol. royal iSmo., 

e^itra cloth, 300 pages, price 60 cents. 
IX. CORNELIUS NEPOS, I voU royal l«mo., price 50 cent^, 

EXESiENTAllV WORKS PUBLISUBD IN THIS SERIES. 



A SCHOOL DICTIONARY OF TIJE LATIN LANGUAGE, By Dr. J. H- | 
Zaltschmidt. In two parts, La.tin- English and English-Latin. 
Part I., L^ tin-English, of nearly 500 puges, strongly bound j price 90 cento* 
Part IL, Ea gl is h- Latin, of about 400 pagcsj price 75 cents. 
Or the whole complete in one very thick royal l^mo. volume, of nearly 900 
cloaely printed double-columned pages, strongly bound In leather, ' 

price only $1 25. 

II. 

GRAMMAR OF THE LATIN LANGUAGE. By Lxonhahd Schkitk, Ph. 
A, F,R. S* E., Rector of the High School, Edinburgh^ &c. In one hand' 
some voitime, royal ISmo., of SIE^ P^g^B^ neatly halfbound^ pdo€ 60 c^t^ ^ 



SVBMITZ ANJ} ZVMPT'S CLASSICAL SERlES^Continmd, 

111. 
ELEMENTARY GRAMMAR AND EXERCISES. ByDr. Lerkhabd ScuMrra, 
F, R.S.E., Hector uF l)»e High School, Eilitiburghj fcc. In one handsome 
joyaJ iBmo. vDlums of 246 pages, ex ira clothj prico 50 ceotan, Uuat Isaned.) 

PREPARING FOR SPEEDY PUBLICATION. 

LATIN READING AND EXERCISE BOOK, 1 vol., royal ISmo, 

A SCHOOL CLASSICAL DICTIONARy, 1 yoL, royal iSmo. 

It wiU thuB be seen that this series is now very nearly complGte^ embracing 
eight prominent Laiin authors^ and requiring but two more elementary workd 
to rendE^r it aufHcient jn itself for a thorough course of study, and these latter 
are now preparing for esifly publication. Puring the Bucceaiive appearance of 
the Tolumesj the plan .nud execution of the whole have been received with 
marked approhiitioiiHi and the fact that it supplies a want not hitherto provided 
for, is evinced by the adoption of these works in a very large aumher of tht 
beat academies and seminaries throughout the country. 

But wc cannot forbear commendinf^ especially boih to Insiroptor* and pupila th© 
whole of tUe eerier, ^i ted by ihoae acooiopli£hed scholars, DfE, Bchinitz and ZunipL 
Here will be found o set of text-l>ooks thai combme iho ejccelEenciefi so long desired 
in this clas* of works. They will noi cosi (he Bludent, by one half at leasts that which 
be must ejcpend for some oth^r editions. And who will not Bs.y thai Ibis ie a consider'' 
atlon worthy of atlauiion T For tti« cbeupt^r otir &cliOo]-l>ooks can be made, the more 
widely will ihtiy be circui^aied snd a^ed. Mere you will And, loo, no us4>ltfst display of 
noi^ and of learning, bui in fool noies on each page you have everyibing necKSS^ary to 
the nnderstandlng ol iibe lexi. Tlie diRiculL points are soin^tiines elucidaiedt and eflan 
is ihe Bludent referred to tlie places where he can lind light, bm not without fonte clfort 
of his own. We think that the punetuatioo in these booifs mijjht be improved; boi 
taken as a whole, they come nearer to the wants of the times ibau ajiy within our kJiow< 
ledge. — Southern VoU^ss Review. 



Uttlform Willi SCEMTZ AHD ZHJIPT^S CUSSICAl SEEIES-(Now Il«aily.) 



THE CLASSICAL MANUAL; 

AN EPITOME OF ANClESfT QEOQRAPHTj GREEK AND ROMAN 

MYTHOLOGY, ANTIQUITIES, ANB CHRONOLOGY, 

CHIEFLY INTENDED FQR THE US^ OF SCHOOLS. 

BY JAMES a S. BAIRD, T-CD., 

Aeei«taPt Classical Master^ King^s School ^ Gloucester. 
In one neat volume, royal iSoio., extra cloth, price FiAy cents > 

This little volume has been prepared to meet the recognized want ofan Epl- 
tomo which, within the compass of a single small volume, shottld contain thft 
information requisite to elucidate the Greek and Roman authors most com- 
monly read in our schools. The aim of the atithor has been to embody in it 
■uch details as are important or necessary fof the junior student, in a form and 
space capable of rendering them easily mastered tind retained, and he has con- 
sequenify not incutnbered it with a trjasa of learning which, though highly 
valuable to the advanced studentj is merely pcrpleKing to the beginner, Tn tho 
ftmount of information presented, and the manner in which it U conveyed^ as 
well as iu convenient aise and exceedingly low price, it is therefore admirably 
adapted for the younger claasos of our numerous dai^sieal schooii. 
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SCRIPTURE GBOGRAFHIT AND HISTORY.— (Now Ready.) 
OUTLINES OF 

SCRIPTURE GEOeRAPHY AND HISTORY. 

•Illnslratin^ Uie Histarical Porlioos of liic Old and New Teslamciils. 

USE OF SCHOOLS AND PRIVATE READING. 
BY EDWARD HUGHES, F. R. A. S., R G. S-, kc, M. 

In one neat volutna, royal 12 mo., extra dotb, of about four tmndred pages, widll 
twelve colored Mapa. 
The Intimate connection of Sacred History with t^he geography and phyBicall 
featur<?9 of-ahe various lands occupied by the Israelites render* a work J ike thftF 
prE3c*nit an filmoat noceAsary companion to all who desire to read the Scriptures J 
uadorstsndingly. To the young eBpocially, a clear and connected narrative ofl 
the events recorded m the Bibtej, is exceedingly deslrablej particularly when iUf 
luEitrated, as in the present volume, with succinct but copious ae^counts of the! 
neighboring nations and of tbe topography and political divisions of the eountnevl 
mentioned I coupled with the resEilta of the Utest investigations, by which I 
Messrs. Layardj Lynch, Olinj Durbin, Wilson, Stephens, and others have auc-J 
ceeded in throwing" light on so many obscure portinijs of the Scriptures, verify- 1 
ing their accuracy in minute particulars. Few more interesting class-hooka couldil 
thererore be found for schoots where the Bible forms a part of education, and I 
none, perhaps, more likely to prove of permanent benefit to the scholar. Thti 
induenco which the physical geography^ climate, and productions of Palestine J 
had upon the Jewish people will be found fully set forth, while the numeroiwJ 
maps present tlie various regions cotinected witli the subject at their most pro-1 
minent periods. 

HISTORT OF C?LASSICAI, LITBRATUKE.— (Now Ready) 
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HISTORY OF ROMAN CLASSICAL LITERATURE. 

BY R. W. BROWNE, M.A., 

Prnfe?&or Of Class teal Liieraiure Iji Kind's College* London, 
lu one haudiomo crown octavo volume, extra cloth*^ 

ALSO, 
Lately lastied, by tlie same author, to match. 

A HISTORY OF GREEK CLASSICAL LITERATURE. 

In one very neat volume, crown Svo.j extra cloLh, 

From Pfpf. I. A. Spem^er, !^ew York, March 10, lB5i* 
Tl Is an admirable volume, aufllcieiiLly full and copioiia in detail, citiar and precise h 
slyle, very ^cholar^likc in ils ezeculion, genial In iu criticism, and altogiilheT tiisptsj- 
inf a mind weEj itored wiih. tbe karniii^, genius, wisdoin, and exquisite taMe of the 
arte if: ut Greeks, It is in advance of every tiling we have, and it may be considered 
iuditpcosahle lo tiie claaslcai scholar and stuileiit. 

From Frof. JV. H. CfriJSn,Wiilmfns Culhge, Mms., March 22, I8S2. 
A valuable compend, embracing jn a small comnaaa maUer which the studettt woulAJ 
have LO g^o over much ground to galher for himielL | 

GEOGRAPHrA GLASSICAj 

ORp THF! APPLICATION OF ANCIENT GEOGRAPHY TO THE CLASSTCS. 
By Samuel BufLKR, D D , late Lnrd bishop of Litchfield, Revised by hia Son, S 
American, from the laai LoTidon Edilian, with Quegiioiison ibe Mupa, by JoEiN FT 
JAt. R In one neat volutne„ royal ii^mo.jhair bound. 
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AN ATLAS OF ANCIENT GEOGRAPHY. 

Bv Samtei. Bt'TLEB, Pk D,i late Lord Bid top of Lttchhdd. In one octavo vn1ume|half 
boand, contaimuff twenty-one quarto colored Mapa, oad an aceeniualedi iudex. 
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ELEMENTS OF THE NATURAL SCIENGES— (Now lUady.) 

THE BOOK OF NATURE; 

AN ELEj^^ENTARY INTHODUCTiON 

TO THE SCTEHTCEe OF 

PHYSICS. ASTRONOMY. CHEIVIISTRr, MINERMOGY, tJEOLOGY, BOTANY, 

PHVSIOLDGYi AND lOOLOGY, 

BY FREDERICK SCHOEDLER, Ph. D. 

Professor of Ihe NmluraJ Scien^^eE ai Worms, 

Flxgt Anne r I can ddliifiiii. wltli a Glosflarjr and otHei^ Addltloiia 
nUd IpapTOTVRientftp 

FROM THE SECOND ENGLISH EDITION, 

TRANSLATBD FEOM T IF K SIXTH: GERMAN EDITION, 

BY HENRY MEDLOCK, F. 0. 8., &g. 

lUutHafed by six hundred and seventy-nine Engravings on Wood. 

In one handsomo volumoj crown octavoj of about seven hundred largfi pngc?, 

Ta accommod:ite iho^e who deeife to use the sepai-ate portions of this work, . 
Ihf! publishcra hayc prepared an Rditioii, in paHs^ as fojlowp, which may be had 
Bingly, neatly ^loncup jn flexible cloth^at very rcasonabJe pricest 



114 pagesj with 149 IllUfltr&tioii», 

64 <* 51 

110 " 48 

104 *= 167 

9S '« 176 

106 '* S4 



NATURAL PHILOSOPHY, , 
ASTRONOMY, ... * 
CHEMISTRY, . - , . 
MINERALOGY AND GEOLOGY, 

BOTANY 

ZOOLOGY AND PHYSIOLOGY, . 

INTRODUCTION, GLOSSARY, INDEX, &c,j m page3. 
Copies ma^y aUo he had hmutifuUy done ?<p in /ami/ doik^ with gilt slamjijt^ 
Buitabhfor holidar/ presmts and school prices. 

The neceaattj oraome acquaintance with the Natural Science* is ntw no uni- 
voraiilly admitted In all thorough education, whife the circle of facta and princi- 
ples embraced in the study has enkrged ao rapidly, that a compendimia Manual 
like the Book of Nature cannot fail to supply a want frequently feft aad ex- 
pressed by a large and growing class. 

The reputation of the present volume in England nnd Germany, where re* 
peated editions have been rapidly called for, is EuRidrint proof of the author^i 
suecess in condensing and popularizing the principles of hi^ numerous aubjectSi 
The publishers therefore would mereJy state thai, in reproducing the work, 
they have spared no paioB to render it even better adapted to the Amertcaa 
Mtudent. It has been pae^ed through the iiress under the care of a competent 
editor, who hae corrected such errors as had. escaped theaticntlon of the English 
tratislator, and has made whatever additions appeared neceiaary to bring it com- 
pletely on a level with the existing slate of science. These wjU be found prin- 
cipally in the sections on Botany and Geology | especially the latter, in whleb 
references have been made to the numerous ^-ind systematic Government eurveytf J 
of the several States, and the whole adapted to the nomejicUture and system* 
generally used in this country. A copious Glossary has been appended, and 
numerous additional illLisiraiiona have been introduced wherever the elucidation 
of the text appeared to render them desirable. 

Jt is therefore confidently prt^eented aa an excellent Manual for the private stu- 
dcDt, or aa a complete and thorough Claas-book for collegiate and acadeuiical use, 

Wriiten with remarkable clearness, and scrupulously correct in lis deiuils,— ^/inuiir 
Journals 

His eipoail'ons flre mo»t luoid. There are few who will not follow him with pleasure 
ail wull aa wiih profit iliroii^h his ma&lcHy cxpoMiion orUiii prmvip\fp. nud ^rimary^ laws 
&f Bcience. Jt should c eriaiu ty be mad@ a c J s*«- ho^k iu t chooii.^ Critic, 
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NEW AND IMPROVED EDITION— (Now Ready.) 

OUTLINES OF ENGLISH LITERATURE. 

BY THOMAS B. SHAW, 

Tro feasor of English Literamra in ths Imperial Akxainjer Lyceum, Sl Peier&bttrg 

SEGOifD AMZmCAN EDrTIOIT, 

WITH A SKETCH OF AMERICAN LITERATURE. 

BY HENRY T. TUCKEKMAN, 
AulhoT of*' CtiaTaetETifiuuB of LitLTalucCj" "^The OplimijJl,'' i&c. 

In one largo and handsome volume, tojal 13kio,j entra clothj of about 500 pagei. 

The object of this work U in pfeBcnt to tho etudent a history of the progresi 
ofEngUsh Literature. To accomplish this, the author has followed its cpui-to 
from the eaTlicBt limes to the present age, seisting upoo the more prorainent 
** Schools of Writing," tracing their cnueeq and ctfecte, and selecting the more 
celebrated: authors as subjects for brief biographical and critical Bketches, ana- 
lyzing tlieir best worka^ and thus presenting to tho student a definite view of tho 
deTdopinenl of tlie language and literatore, vviih succliice descripiiors of thoso 
books and men of which no educntt^d person should be ignorjint. He has thui 
not only aiippUed the acknowledged ^^a^t of a maniial on this sobject, bat by 
tho livolinesB and powxr of his stylcj the thorough knowledge he displays of his 
topic, and the variety of hia eubjecta, he has succeeded in producing a most 
agreeable reading-book, which will capt irate the mind of the scbolar^ and ro- 
1ievo the monotony of drier studies. 

Thii work having attracted mnch attention, and been jotrodBced into a large 
number of our best academics and collegesi the poblishersjin anawering the call 
for a now edition, have endeavored to render it still more appropriato for the 
student of this country, by adding to it a sketch of American literature. ThJi 
baa been prepared by Mr. TuckermaDj on the plan adopted by Mr. Shaw, ind 
the volume is again presented with full confidence that it will be found of great 
utility ait a text-book, wherever thissubject fornix part of the educational CQUfattJ 
or as an introduction to a systematic plan of reading. 

Frtffn Prqf. R, F. Bunn* Br&wn TTniveTsitfj^ April 9SJ, IS5^ 
I had already determined to a^opt it as the principal book of reference in my depart> 
tneiil. ThJB is xhe firei leriii in which it has been used here ; but from ihc Trial wlucli I 
have now madti of it, 1 have evi^ry ruaitou lo coiigraiulaio lOyself ou my seleclioi) of it 
US a lejct-boDk. 

From tht Iteu, W, G, T. Shtdd^ Frqfess<i^ qf English Litfratun in iAs Unjrenihj nf Vl 
I take great pleasure in saying that it &upplie& a warn ihal has long existed of a brief 
history of English lilcrattireT wnUen in ilie riglil meihod and apirit, to serve as an inlro- 
daeUon to ihe critical study of itn I shall rti command tLe b*x}k to lay el asset. 

FromJamu Shannon^ Frt.$t4inio/ BatPTi College, Ky. 
I have re^ad nbouione-haif of '^Shaw's Outlines,'' ttnd ?o far 1 am more than pleased 
wiih the work. I concur with you fully in tho opinion that ii suppliBs a waul Jojijsj- fel!t 
in our higher etlLicatlouHl itisLimies of a criiicat history ofKagli^n liiRrattirt, oecupyinig 
a reasonable space, ?iud written In a manner to interest and aitraci the attention of the 
sttident. 1 aincere!^ desire that it may olvmin^ as it deserves, an extensive oireulalior.. 
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HANDBOOK OF JHOBEBN EUROPEAN LITERATURE. 

British, Danish, Dutch, Frcnchj Gertnan, Hungarian, Italian, Polish and Rus- 
sian, PortugueaOj tSpanish]. and Swedish. With a full Biographical and 
Chronological Inde*. By Mra, FosTEa. In one large royal 12mo^ TolumSi , 
extra clotii. Uniform with " Shaw'^ OutJiaea o | English Literattire.*' 



